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Preface

This independent study began as an effort to recreate

and document the most widely used analytical fallout code,

WSEG-lO. Specifically, local access to this model in computer

coded form will provide a basis for further fallout studies

at the Air Force Institute of Technology. Additional analyses

of the crossrange dispersion term (a y) and model conservation

* of activity were also performed. All computer work was done

* using the ASD CYBER 74 computer at Building 640.

This author gratefully appreciates the guidance provided

by Dr. C. J. Bridgmnan, thesis advisor, to accomplish this

independent study. Thanks are also extended to Mr. Ralph

Mason, National Military Command Support Center, for providing

the most recent computer coded version of WSEG-10 along with

sample results. Special thanks are also extended to my wife

for her patience through this independent study and her assis-

tance preparing this document.

Dan W. Hanifen
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Abstract

The purpose of this independent study is to recreate and

document the most popular analytical fallout model in use over

the past twenty years, WSEG-10. Local access to WSEG-10 at

the Air Force Institute of Technology, School of Engineering,

will provide a basis for future fallout studies. As such, this

study provides a fully documented Fortran computer code contain-

ing the most recent version of the WSEG-10 analytical model with

sample output. To further understand this computer code, a

4 general discussion of the WSEG-10 fallout model and analysis

of crossrange dispersion (a ) and activity conservation is
yI 

'included. Results of the analysis of a demonstrate thatY

diffusive growth is not accounted for in the model and that

crosswind shear is the dominant, long term effect. In a com-

parative conservation analysis, the WSEG model in use today

does not conserve activity due to the unnormalized character

of the crossrange transport function. This effect is sub-

stantial at yields less than .1 MT. Activity not conserved

varied between 31.4% at 1 KT and a wind of 60 st. mi. to less

than 1% at 100 MT and winds of 60 st. mi. Also included is

a further discussion of model limitations or inconsistencies

discovered either through computer use during this independent

study or during initial literature search.

vi



DOCUMENTATION AND ANALYSIS OF THE

WSEG-10 FALLOUT PREDICTION MODEL

I. Introduction

This thesis examines the most popular analytical fallout

prediction model in use over the past twenty years - WSEG-10.

The specific purpose of this thesis is to recreate and docu-

* ment a working copy of the latest computer coded version of

WSEG-10 (hereafter referred to as WSEG). Local access of

WSEG will provide a basis of comparison for future fallout

modeling at the Air Force Institute of Technology (AFIT).

As such, the topics presented in this thesis are:

1. A description of the analytical relationships

comprising the basis of the WSEG model.

2. An analysis of crossrange dispersion (a y).

3. An analysis of conservation of activity using the

WSEG model.

4. Computer implementation using Fortran computer

language and the ASD CYBER 74 computer.

5. A discussion of WSEG model limitations and short-

comings.

The most recent version of the WSEG model in the form

of a coded Fortran subroutine and sample results were supplied

by Mr. Ralph Mason, National Military Command Support Center.

The subroutine and results are contained in Appendix A.



Since WSEG is based on empirical approximations, deriva-

tions of the basic mathematical relationships is often impos-

sible. The following chronology is provided as background

Background

After the Mike nuclear test of the Ivy Series in October

of 1952, the Rand Corporation was contracted to begin nuclear

fallout studies (Ref. 6:6). Rand produced several fallout

prediction techniques beginning with a hand-calculated "Disk-

tosser" model which was eventually converted to computer

solution. This early attempt was both complex and time con-

suming. It divided the nuclear cloud into many stacked disks,

each of which were transported independently. The experimental

data base was poor and not properly documented. The experi-

mental data was available but depended on such a number of

parameters (yield, height of burst, wind condition, shear and

soil) that generalizations were difficult if not impossible.

As nuclear testing continued, the complexity and cost to re-

fine and operate this model grew along with the data base.

As results became reliable, a second technique was de-

veloped by Rand to eliminate the costly, time consuming, ma-

chine calculations. This technique used analytical approxi-

mations to the complex "Disk-tosser" model. These, in effect,

considered the nuclear cloud homogenous and "smeared" the

fallout on the ground according to the initia. parameters of

yield, wind, shear, height of burst and soil conditions. The
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resulting empirical model (RM 2460) used a log-normal activity

size distribution with a mean of 44 microns, a standard de-

viation of 2 microns, the t- .2 (Way-Wigner) decay law, and

assumed 80% of the activity is deposited locally (Ref. 13).

They also calculated a function V'(T) representing the frac-

tional rate of activity deposition everywhere as a function

of particle fall time (T). Rand did not assign 4'(T) a sin-

gle functional type, although when plotted versus T, the

curve resembled a log-normal distribution function (Refs.

10:36-40; 4:30). The concept appeared promising, but the

empirical model generated by Rand was never popular (Ref.

6:13).

In the late 1950's, the Weapons System Evaluation Group

(WSEG) sought to create an inexpensive, easy to use, analyti-

cal fallout prediction code of their own. It was published

in 1959 (Ref. 1). The authors, Pugh and Galiano, incorporated

Rand data for particle size distribution and particle fall

rates into their original model (Ref. 1:27). They also

adopted or rediscovered the Rand qj'(T), calling it "g(t)".

The WSEG "g(t)" represents the normalized fractional rate of

activity deposition everywhere as a function of time. It

was arbitrarily assigned a negative exponential form which

empirically fit the Rand data everywhere but at very early

times (Ref. 6:13). In 1960 the exponent of "g(t)" was modified

to improve low yield capability (Ref. 2). In 1962, a National

Academy of Sciences committee revised the WSEG model to its

3



present form (Ref. 10). These modifications made the model

more closely conform to the experimental data collected during

the extensive nuclear testing of that decade.

A detailed explanation of the current form of WSEG is

contained in the next section.

4



II. WSEG

As stated earlier, WSEG is an empirical approach to

local fallout prediction based upon early nuclear test data.

It is designed to provide reliable fallout prediction for

yields between 1 KT and 100 MT. All activity for deposition

is assumed within the fallout cloud and 80% is assumed de-

posited locally. WSEG neglects the induced activity of the

stem created by torroidal circulation during the cloud rise

in early times after the burst.

The version used for this thesis assumes a land-surface

burst. No adjustments are made to account for burst heights

greater than zero.

In order to present a description of WSEG in some logical

order, the model will be defined within a chronology of events

for a nuclear burst beginning with nuclear cloud formation.

The cloud is initially formed because the nuclear fire-

ball vaporizes both the surface of the earth at ground zero

and the weapon itself. The activity contained in the cloud

is both neutron induced and fission. After formation, the

fireball rises and begins to cool at its outer edges faster

than the center thereby creating the typical torroidal cur-

rents associated with the nuclear cloud. WSEG arbitrarily

assumes that the cloud will rise to a maximum center height

within fifteen minutes and then stabilize. This stabilized

cloud is modeled as a right circular cylinder as in Figure

i i.
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I.
Effective Fallout

Wind Cloud

Shear

_Hotline

Ground Downwind (x)
Zero

Crosswind(y)

Figure 1. Fallout Cloud Model

At this point, the cloud dimensions and altitude are

fixed as reference values. Cloud center height (kilofeet)

is given by WSEG as:

H = 44. + 6.1 Zn(yield) -C

.205 lin(yield) + 2.421 (in(yield) + 2.42)* (1)

The radioactivity in the stabilized cloud is assumed

to be normally distributed in both the vertical and horizon-

tal directions, namely

2(h - H )2
exp- +o_ ]

Oh

p(x,y,h) =T 2 (2)(2T) 3/ 2  ao0 2a

*Unless otherwise stated, yield has units of megatons (or MT).
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where x and y are distances in the downwind and crosswind

directions respectively and h is the height above ground in

kilofeet. WSEG defines a0 and ah as

ao(st.mni.) = exp(0.70 + Rn(yield)
0 3

3.25/(4.0 + (£n(yield) + 5.4)2) (3)

and Oh(kilofeet) = .18 Hc  (4)

WSEG further defines the dimensions of the stabilized cloud

where the cloud diameter is 4o and the vertical thicknesso0
is 4 h.

Independent of this spatial distribution, the radioac-

tivity is distributed on different sized particles by some

activity/size distribution, A(-). As stated earlier, this

activity/size distribution is based on Rand data and defined

as:

p n(m) - £n(r))2
A~) exp-h(A(r) V 2T 8r (5)

where m = (44 microns)
r = (particle radius in microns)

= .690

As time increases, the cloud will expand and move hori-

zontally and fall vertically towards the earth as fallout

deposition occurs. WSEG assumes upward expansion is zero.

This horizontal motion is due to three forces assumed acting

on the cloud.

7



The first force is torroidal circulation which at early

times causes the fallout particles to be swept toward the

center of the cloud. The resulting fallout pattern is com-

pressed around ground zero such that the effective radius of

the pattern is one-half of the actual radius of the cloud.

Although not explicitly stated within Reference 1, torroidal

circulation is the dominant effect at early time. This effect

lessens as torroidal circulation decreases over time there-

by allowing the cloud to grow radially. WSEG arbitrarily uses

three hours as the cutoff for any torroidal effect.

The second force acting on the cloud is effective wind

(Wind). WSEG used a single effective wind vector over the

vertical extent of the cloud. The net effect is to translate

the fallout cloud downwind. Winds used to validate the ori-

ginal model vary between 0 and 60 knots.

The third force is shear (Sc ) which WSEG assumes is

constant over the vertical extent of the cloud. It is the

* change in direction of the effective wind vector horizontally

as a function of altitude. Vertical shear is neglected.

The shear used varies between .1 and .6 knots/kilofeet. The

effect of the shear is to expand the cloud and spread out

the fallout pattern as one would open a fan.

The combined effects of torroidal circulation, effective

wind, and shear are accounted for within the terms describing

downwind (a ) and crosswind (ay) dispersion. The function
x y

a is affected by the effective wind and defined as:

% , 8



(Lo 2 + 8a 2)
x 2(St.mi.)= = a0  L 0  + 2a 0  (6)

0 0

where L 0 Wind . T

and T Time Constant=C

H) H

1.05732 03((-6)Hc  2.5 ) (i - .5 exp-( -_.)2) (8)

and ao is defined by Equation (3). Wind, torroidal growth,

and shear all affect a which is defined asy

a 2 (st.mi.) 2 = a 2 + (81x + 2a 2 ) +
y 0 L x 0

2 2 12

2(aTch S ) + 1((X + 2a ) LoTcaS)2 (9)

L xch c L x c h c

where a0 and ah are defined by Equations (3) and (4) re-

spectively, Sc is the crosswind shear and

L2 = L 2 + 2ax2  (10)

Thus, a is fixed by initial cloud parameters and effec-x

tive wind while a will vary with time. This is discussedY

in depth in the next chapter.

Throughout the growth and transport of the radioactive

cloud there is a continual fall of particles back to the

ground. As mentioned in the Background, WSEG states that

there must be some function "g(t)" which describes the frac-

tional rate of activity arrival on the ground everywhere at

9
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some time t. The integral of this function, G(t), represents

the fraction of activity down at time t where

G(t) = f tg(t') dt' (1)

This g(t) function will be independent of the horizontal

activity distribution and therefore independent of the growth

of a with time. On the other hand g(t) will be dependent

on the initial vertical distribution and the activity/size

distribution which determines particle fall rate.

This activity deposition,g(t),is assumed in the original

WSEG document without derivation as

F exp- (t)n o
T

g(t) = T F(l + 1 (12)
n

0

where Tc = Time Constant

H
no = 1.5 - .25( )2 (13)

F 1.0

This arbitrary choice of g(t) is based on Rand calcula-

tions which assume an activity/size distribution given by

Equation (5). These calculations are neither shown nor re-

ferenced in the original WSEG model contained in Reference

1. If the activity/size distribution for a given set of

initial conditions is different than that given by Equation

(5), the form of g(t) should change. This is not possible

10



under the WSEG model where the function g(t) is fixed as

Equation (13). The only possible compensation for various

activity/size distributions results because T varies withc

yield (Ref. 2).

After modifications in 1962,

F exp - (-t)n
T

g(t) = cl+i (14)
CCg~t) = T F(l + 1) (4

n

where no = F = 1.0
o

nL 2+0 2

and n = L Z 0+ x (15)
0 x

The function g(t) can be transformed to a downwind distance

function since

g(t)dt = g(x)dx

and x = Wind . t

The downwind distance, x, is substituted into Equation (14)

for t as:

t*. Wind )n
T Windglx) - (1c

T Wind . r(l + 1) (16)
c

n

exp- ( n

or g(x) L F( + 01 ) (17)

n

111



To provide continuity in a "0" wind environment near ground

zero WSEG replaces L with L and the domain is arbitrarily

extended by setting x = lxi. Therefore the final activity

deposition function in terms of distance is:

exp-( ( ) n

g(x) = L Ill + L) (18)
n

* g(x) in this form also represents the fallout deposition

distribution function used within WSEG.

In order to predict upwind fallout and at the same time

preserve normalization, a function is empirically inserted

where

w 1 (_ z= ff -7i )dz (19)

L
and w (--S!. X

L ax

The normalized downwind and upwind distribution is then

represented as:

L
(£--a) .x g (x) (20)

L
hee-0f L - ).g(x)dx = 1

The model forces 4 to behave as follows:

.5 < < 1. for x > 0.

0. < < .5 for x < 0.

12



a, is an adjustment factor to reduce the area covered by fall-

out prior to cloud stabilization due to torroidal compression

(Ref. 4:35) and is defined as:

1
a'= (1 + .001 . H . Wind) (21)

c
o
0

where a0 is defined by Equation (3).

The parameter "n" defined by Equation (15) and used as

the exponent in g(x) and gct), is plotted in Figure 2 for

yields of 1, 10, 100, 1000 and 10,000 KT. As seen, "n" is

a weak function of yield and varies dramatically for winds

st.mi.between 0 and 1 hr " However, for all intents and pur-

poses, the variation can be described as:

n = 2 when Wind = 0

n 1 when Wind > 0

Figures 3 and 4 depict g(x) and 4.g(x) for a 1 MT burst.

Figure 3 represents the case where the effective wind and

shear are both 0 while Figure 4 represents the behavior of
st.mi.

g(x) and 4.g(x) where the effective wind is 10 rS andhr

shear is 0. If plotted further downwind g(x) and 4.g(x)

would asymptotically approach 0. The validity of the sub-

stitution _Jf .g(x)dx = 1 for olg(x)dx = 1 is addressed
0

in Section IV concerning conservation of activity. Numerical

integration was used to integrate g(x) and *.g(x) and as

such finite integration limits were established as an approx-

imation.

13



2.0

10,000 KT

0
1.5

"n 1.5

, .,4 O\KT

4..

1.0 10

1.0 2.0

Wind (St. mi.

Figure 2. Parameter "n" vs. Wind

The downwind transport function fx can now be written

as:

f = Yield . SNC . . g(x) . fission fraction (22)

where SNC is the Source Normalization Constant =

2 x 106 Roentgens/hr/MT/(st.mi.)
2

The crosswind transport function is a modified Gaussian dis-

tribution of the form:

* •1

14
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exp- ) 2

fy 2C (23)

where a2 is an adjustment factor added in 1962 similar to

a, but only etfective for 2 hours (Ref. 4: 36). It is

defined as:

1
a 2 = (1 + .001. H . Wind 2x (24)

(1 -OWind

The activity of the fallout in the cloud decays by Way-
_1.2

Wigner (t ) as already mentioned, as does the fallout de-

posited. This assumes no fractionation. WSEG creates iso-

dose rate contours by utilizing the Unit Time Reference Dose

Rate (D H+) which is the product of the downwind and cross-

wind transport functions (fx fy ). DH+ 1 represents the ac-

tivity at some point (x,y) one hour after detonation. This

includes all activity that has arrived at (x,y) in 1 hour

plus all activity that will be deposited. These contours

are elliptical with the major axis along the hotline. The

length of the contour depends on the initial yield of the

weapon and on the magnitude of the effective wind vector.

Contour width is determined primarily by shear (see Section

III).

To obtain a measure of dose to humans, "Biological Dose"

was defined as the product of the DH+ 1 and a conversion fac-

tor, called Bio. Bio is an empirical function depending on

fallout arrival time and length of exposure. Ten percent of

17
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the dose received is assumed irreparable and ninety percent

is assumed reparable with a thirty day time constant (Ref.

11). Mathematically this set of conditions is written as:

D(t) = 10% t ftD H+1T-.2 dT +
a

1tHI .2 1 d) (25
90% f tD exp(1(t-T)) (25)

t 11+1 Ka

where K = 30 days and ta = average expected time of arrival

of the fallout and is defined as:

L 2 x+2a 2 T 2 2 T22( + )Tc
ta = (0.25 + (26)+ .5a z x

a+ L(L +.0 )+(6

This equation assumes the earliest arrival time of fallout

anywhere is .5 hours. T1 equals one hour and is included

to maintain dimensionality. It is often eliminated from the

expression. At large x Equation (26) reduces nicely to

xa Wind

Equation (25) was solved numerically and plotted as

Dose vs. Time. Bio was then approximated in Reference 1 as:

3 3
Bio = (t/19)

so that the dose at some time after activity arrival is

defined as:

Dose = DH+ 1  Bio

18



Further refinements in the model resulted in a second

order approximation for Bio of the form:

t
Bio = exp-(.287 + .52an(3a +

.2n31 .6

t
.04475 £n( 3 a6 ) 2 )  (27)

which is in use today.

These special conditions dictated the necessity for the

* definition of a special unit of dose, the ERD. The ERD or

Equivalent Residual Dose, actually has units of Roentgens

even though it pertains to human whole-body damage. This is

not in keeping with the current philosophy in assigning units

of exposure and dose. This use of Roentgens as a measure of

dose instead of exposure tends to confuse those new to WSEG.

The subroutine contained in Appendix A refers to the original

Pugh definition of dose. The AFIT version contained in

Appendix B generates only dose rate contours. Conversion to

the proper units will be necessary if dose contours are re-

quired in the future.

19



III. Crossrange Dispersion

This section will examine the crossrange dispersion

(a y) of the fallout cloud by developing the terms in its de-

finition. The specific purpose of this analysis is to deter-

mine whether wind shear or torroidal growth is the most signi-

ficant contributor to crossrange dispersion. Also an ex-

amination of the resemblance between the form of the torroi-

dal growth term and diffusive growth according to Fick's Law

is included.

*Recall a 2 is defined by Equation (9) as:
y

y2 =a2( + 8Ix + 2a 1) + 2 (Cx2Tc2 hSc2) +

1 oS) 2

1 ((X + 2a x ) LoTcah S c  (9)

This discussion will first consider the contribution

to crossrange dispersion by shear represented by the second

and third terms of Equation (9). The first term expressing

torroidal growth is discussed later in this section.

To begin with, the second term of Equation (9) was added

to the WSEG model without derivation or reference as an after-

thought to reduce the fallout concentration near ground zero

using shear (Ref. 10). Little more can be said about its

development. In fact, its total contribution to a is small

considering the remaining shear term.

This remaining shear term represents the original shear

contribution to ay that Pugh and Galiano postulated, modified

20
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without reference or derivation for better response near

ground zero for low winds (Ref. 1 :14). The term can

easily be transformed to the original form in Reference 1

which is (Sc a x 2 The following derivation will utilizewhich ~ is(c h WR--d) .

this early form and will consider shear as the sole contrib-

utor to crossrange dispersion, or ay = This
c hWind Ti

discussion is taken from pp. 10-35 of the original WSEG

document to derive the expression (Ref. 1). WSEG assumes

* that effective wind is the average of all wind vectors through

which the fallout particles travel to earth.

This effective fallout wind is defined as:

= o W (h) dhoh 1Wind h h/ f(h) fh---dh (28)

h V(h) 0 V(h)

where W(h) is local wind at altitude h and V(h) is the rate

of fall of a typical particle at altitude ho . Since the

wind data is obtained at discrete altitudes it can also be

represented as:

n
T r.W(i)

Wind i=l)
n
i= 1

where T. = time spent within each wind layer by a typical1

particle falling to earth and W(i) is the wind in the i th layer.

WSEG further assumes that the effective wind is a slowly

varying vector dependent upon altitude which can be expanded

around cloud center height as a Taylor series for both

21



crosswind (W y) and downwind (W ) components:

dW d2W
W WXh + (ah h (h - ho) + (---)%(h - h o ) .

h 0 (
0

dW d 2W
W 0 + (Y) (h-h + (h - ho) 2 +
y dh h 0 dh h o

dW s~i
with Downwind Shear S ( X) stmi.

x dih h 0 hr-kilofeet~

dW

Crosswind Shear = Sc (d) st.mi.e* c dh h hr-ki lofeet~
0

The higher order terms are neglected as they are assumed

small. WSEG also assumes downwind shear is neglected.

Finally Sc . ah = magnitude of wind vector direction

change over 1 standard deviation in altitude and the total

contribution to a is SGht, where "t" is time after burst

in hours and defined as Wind Pugh and Galiano recommend

using shear evaluated for layers to two to four ah above

and below H for best results (Ref. 1:24), Figure 5c

demonstrates how the shear affects a assuming the cloud isy

modeled as a cylinder with a radius equal to the radius of

the cloud.

Figures 6-8 show that wind shear contributes signifi-

cantly at later times. These figures depict a 2 versusy

time for several shear and wind conditions. The two terms

representing a shear contribution were combined into one

curve and included on the same graph. The torroidal growth

term was also included as a separate curve. All curves

22
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were generated using the subroutine Dose with an appropriate

main program designed for plotting with the Calcomp plotter

in Building 640. Additional graphs are available for sever-

al wind and shear combinations in Appendix C.

Torroidal Growth

As seen from Figures 6-8, the torroidal growth term

predominates at early time. It is defined in Equation (9)

as ao2(l + L 8 x + 2ax1). In the absence of shear, WSEG

assumes this expression relates the compressed dimensions of

the fallout pattern near ground zero to the fallout cloud

dimensions as a function of time. WSEG defines the radius

of the fallout pattern as ae, the "effective radius" where

the effective radius is arbitraily assumed equal to one-half

the radius of the stabilized fallout cloud at 15 minutes and

wherea 2 =0 o2( + Ix + 2 x1).

Initially Pugh and Galiano defined a 2 as a 2(1 + X

without derivation or reference where x represents timeWindrersnstm

after burst in hours (Ref. 1 :13). It is this form which

resembles simple diffusion according to Fick's Law. There

are, however, several serious inconsistencies with this as-

sertion which are evident in the following discussion which

develops both the present form of ae 2 used in Equation (9)

and the diffusivity parameter (Dv ) for Fick's Diffusive Law

(see Appendix D).

First, while the expression for e2 resembles diffusive

growth, it was originally intended to allow for torroidal
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growth (Ref. 9). In either case, without modification, the

initial expression for ae2 is dimensionally incorrect!

Pugh and Galiano corrected this problem by substituting

the ratio L/T for Wind where L is defined as Wind . Tc and

L = L when L 2 >> 2 02 (see Equations (7) and (10)). At

this point, Pugh and Galiano assigned Tc a dimensionless

value of 8 which corrected the units problem and compensated

for various yields greater than 1 megaton. There is no ap-

parent reason for deleting the units except convenience.

Two further modifications were made to C 2 resulting~e

in its present form. The first modification set x = lxi to

account for both downwind and upwind fallout pattern growth.

The second modification set jxi = Ix + 2axl which prevented

a minimum a at ground zero.e

To derive an expression for Diffusivity (D v ) according

to Pick's Law, C 2 is first defined as a 2(1 + 8LI ) which
e 0 L

is a good assumption if X >> 2Cx . Wind . T is substitutedX c

for L by the same reasoning used earlier to develop this ex-

pression and the result is a 2 = 8 X
e T Wind 0 0c

C0 + T- 08 2t. Tc and C0 are allowed to vary according to
c

yield, t is time in hours after burst. Diffusivity according

to Pick's Law is therefore:

D = Dv 2 (St.mi.)) (See Appendix D) (30)
DWSEG v ao hoursc
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Assuming DWSEG is dimensionally correct, a comparison

of the Diffusivity parameter and diffusive growth was made

between WSEG and the Department of Defense Land Fallout Pre-

diction System (DELFIC). The following data was supplied by

Major Scott Bigelow, Air Force Weapons Lab (AFWL) using

DELFIC for a single particle size group:

Yield = .1 megatons

H = 9.0 kilometers* c

a = 2607 meters

= 2863 meters

t = 611 sec0

tf = 2.6 x 104 sec

Radius of particle group = 33.8 microns

Diffusivity was calculated from the above data using DELFIC

as:

D = 5 x 10
- 6 meters

2

v sec

where the quantity (of - oo ) represents cloud growth due to

the diffusive process in time (tf - t0 ).

For .1 MT burst using WSEG: Mean radius of particle for

WSEG activity/size distribution = 44 microns.

T = 4.995 hours
c

H = 9.1 kilometers (Equation (1))c

4(0o) (st.mi.)
2

DWSEG -4.995 hr
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and a = .736 statute miles (from Equation (3))

Therefore

4(.736 st.mi.) 2  4(1182.86 meters )2

DWSEG =(4.995)(3600 sec) (4.995)(3600 sec)
hr hr

meters 2DWSEG = 310.96 sec

Clearly the magnitude of "diffusivity" represented in

WSEG is something entirely different than the slow diffusive

process represented by the DELFIC D . Further, assuming the~v

fallout cloud radius in DELFIC can be represented as 2a

(as in WSEG), the radius shows a diffusive growth of 512

meters in 7.0525 hours. Using the identical time, the WSEG

cloud radius would show a growth of 1.58 x 107 meters. Ap-

plying the cutoff of three hours, the growth is still 7.72

x 106 meters!

Therefore, while the form, excluding dimensionality,

appears to fortuitously resemble diffusive growth, it does

not provide proper parameters as diffusion is a small part

of cloud growth. Also the model places a three hour time

limit on the effects of this term which corresponds to a

contribution to y2 of 13.334 (st.mi.)2 . This also is not

reasonable for diffusive growth as it would continue until

fallout deposition is completed.
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IV. Conservation

The purpose of this section is to examine the capability

of WSEG to deposit within the fallout pattern all activity

assumed initially present in the fallout cloud at t = 15 min-

utes. This total activity is a product of yield, Source

Normalization Constant (SNC), and fission fraction which is

taken in WSEG as 2 x 106 (yield) (fission fraction)

Roentgens (st.mi.)2
" hr

* In order to recover this product, DH+1 was integrated

over the entire fallout pattern. Crosswind integration was

accomplished analytically while the downwind/upwind integra-

tion was accomplished numerically using a trapezoidal tech-

nique. Also included is a discussion of the effect on con-

servation of activity in WSEG by substituting bfa .g(x)dx

for Of ag(x)dx within Equation (21) where a and b represent

finite integration limits used to make the trapezoidal in-

tegration possible.

This examination specifically focuses on the crosswind

transport function, fy, defined by Equation (22) and its

effect on conservation as yield and Wind are varied. The

function f is not properly normalized due to the additionY

of a 2. In order to evaluate the effect of f on conserva-Y

tion and eliminate uncertainty in the results due to the

numerical integration technique used, the recovered product

was compared to results obtained under identical conditions

in an identical manner using the crosswind transport function
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originally defined by Pugh and Galiano without a2 . This

original transport function is defined as:

exp- (- -- ) 2

f 2 -  (Ref. 1:10) (31)

y

For the purposes of this section the original transport func-

tion will be distinguished from Equation (19) by referring to

it as fyo

The following subsections discuss the specific method

by which conservation was examined and the results of this

examination. These results are tabulated in Tables I through

III in this section. All calculations were done using the

ASD CYBER 74 computer using subroutine Dose.

Method /Results

The total activity within the fallout ground pattern is:

f O_ f fx f ydxdy = SNC. fission fraction . Yield (32)

where f and f are defined by Equations (21) and (22) andx y

fission fraction = 1.0. The product f . f at any x and yx y

defines DH+l at that location. The upwind/downwind integra-

tion limits were replaced by finite values, a and b, which

are defined on page 34.

To reduce the numerical integration in Equation (32) from

two dimensions to one, the crosswind integration was first

accomplished analytically from -- to +- using the properties

of a standard Gaussian distribution. In this case however,
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_fOff ydy 1 since fy is not properly normalized because of

a2. Recall from Equation (23) that a2 is a function of

yield, wind and downwind/upwind distance. This dependence

on x is not subscripted.

It can be shown at any x:

a2 exp- (-0
f a 2  f _ 2 y

y a 2  y Tre a2

where exp- ( -Y--)
a2a

7r1aa 2
y

is a standard normalized Gaussian distribution which if in-

tegrated from -- to +- would equal 1. Therefore at any x:

exp- ( a-@--) 2

f fydy = a 2 _.fo- - CL 2 y dy = 1 . a 2
=' y a

If y = O,a simple substitute for the crosswind integra-

tion is available because f (0) = 1 and therefore
y

a2f y(0)/roy = 1 . a 2. Placing the relationship in Equatioz,

(27) reduces it to the following:

bf a2fy (0) ay 42 f dx = SNC . Yield (33)

where fy(0) . fx = DH+l along the hotline. This hotline is

an imaginary line extending directly downwind or upwind of

ground zero where maximum activity is deposited. (See x

axis in Figure 1). The function a and a 2 are defined by

y
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Equations (9) and (23) respectively and a and b define the

finite integration limits explained in the next paragraph.

1The shear contribution to a ywas neglected throughout this
section as it was found to have no effect on conservation.

The remaining upwind and downwind integration was accom-

plished simply by a trapezoidal integration of D H+1 along

the hotline beginning at ground zero. Criteria for the in-

tegration limits was based upon dose rate contours. Trial

and error determined the limiting contour that maximized the

recovered activity in a zero Wind condition where a2 is in-

effective while minimizing computer time. Activity lost was

less than .1% in the cases examined when the .1 Roentgen/hour

dose rate contour was used. Maximum upwind (a) and downwind

(b) distance traveled to the .1 Roentgens/hr dose rate con-

tour were used as integration limits and noted for comparison.

These limits vary with yield and wind. As a second check,

4.g(x) was also trapezoidally integrated between a and b to

be sure that all activity available for deposition was de-

posited. Step size for g(x) and dose rate integration was

identical for each wind and yield condition. These step size

varied from .0001 to .1 statute miles depending on the con-

ditions. The results are tabulated in Table I.

It can be seen that the present WSEG model is not con-

servative by some average effective a2 where this average

a2 is the ratio of the recovered activity to the initial

activity. Table I indicates a significant reduction in re-

covered product (SNC .Yield) at low yields and high Wind
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TABLE I

Comparison of Initial vs. Recovered SNC . Yield

For the Present Version of WSEG

Initial Recovered
Wind SNC . Yield SNC . Yield Cumulative
st.mi. R-(st.mi.)* R-(st.mi.)* g(x)

Yield hr hr hr (per st.mi.)

lKT 0 2 x 103 2.000 x 103 1.0000

* 30 1.590 x 103 0.9991

60 1.370 x 10' 0.9983

10KT 0 2 x i0 2.000 x 10' 1.0000

30 1.782 x 104 0.9997

60 1.678 x 10 0.9994

100KT 0 2 x l05 2.000 x los 1.0000

30 1.931 x 105 1.0000

60 1.889 x 10 5  1.0000

1MT 0 2 x 106 2.000 x 106 1.0000

30 1.970 x 106 1.0000

60 1.948 x 106 1.0000

1OMT 0 2 x 107  2.000 x 10 7  1.0000

30 1.985 x 107 1.0000

60 1.973 x 107 1.0000

1OOMT 0 2 x 108 2.000 x 108 1.0000

30 1.992 x 108 1.0000

60 1.986 x 108 1.0000

*"R" is an abbreviation for Roentgens.
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since a2  1. When the Wind = 0, the recovered activity at

all yields is identical to the activity recovered using f
yo

(defined by Equation (31)) in a zero Wind condition. In this

condition a2 = 1.0 and has no effect thereby normalizing the

crossrange distribution function. The lower yields are more

dramatically affected since much more activity is deposited

in a short time period. Recall a2 is effective for 2 hours

*after stabilization. The net result is to reduce the total

activity deposited within the .1 Roentgens dose rate contour
* hr

by the percentages shown in Table II. Cumulative .g(x) is

very close to 1.0 in all cases indicating that all activity

has been deposited.

The case of the original distribution, f defined byyo

Equation (31), was handled in the same manner as described

earlier where:

fCf o(0)dy = 1-~ yo

Again, a simple substitute is available to reduce the nec-

essary integration to one dimension through the properties

of a Gaussian distribution. If y = 0 then f (0) = 1
yo V17r

Thus a y45 f yo(0) = 1 and this expression is substituted in-

to Equation (32) which simplifies to:

aafy(0) a y25Y f xdx = SNC . Yield (34)

where f (0) . ax = DH+ 1 along the hotline and a is defined

by Equation (9). The integration limits are a and b.
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TABLE II

Per Cent Decrease of Recovered Activity

vs. Yield and Wind

Wind
(st.mi.) Per Cent

Yield hr Decrease

lKT 0 0.0

30 20.6

* 60 31.5
S10KT 0 0.0

30 10.9

* 60 16.1

100KT 0 0.0

30 3.4

60 5.6

lMT 0 0.0

30 1.5

60 2.6

10MT 0 0.0

30 0.8

60 1.4

100MT 0 0.0

30 0.4

60 0.7
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Again, upwind and downwind integration was accomplished

by trapezoidally integrating DH+l along the hotline beginning

at ground zero. Integration limits and step sizes were iden-

tical to those used for the present distribution for each

Wind and yield condition. 4.g(x) was integrated trapezoidally

as before.

The eighteen cases examined for the yield and Wind con-

ditions specified in Table I conserved activity to three or

four significant figures. A slight reduction in recovered

activity was noted at high winds for each yield accompanying

a reduction in cumulative 4.g(x). This is due to the finite

nature of the downwind/upwind integration limits signifying

that small amounts of activity still remained suspended in

the cloud at the completion of the integration.

To complete this examination of conservation, it was

also necessary to verify that bf a.g(x)dx = a g(x)dx in
0

Equation (18) for the yield and wind conditions used in this

section. To do so required setting * = 1.0 and integrating

Equation (32) as before. The function f was integratedy

analytically from -- to +- in the manner described above.

The remaining downwind integration was again accomplished

numerically using the trapezoidal technique described

earlier in this section. This time however, the integration

limits were from ground zero (x = 0) to the .1 Roentgens/hr

dose rate contour. The function g(x) was separately inte-

K grated via trapezoidal integration. Downwind distance (a)
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TABLE III

Comparison of Distance Traveled Downwind (a) While

Integrating the Fallout Pattern to Recover SNC

Yield for the Present Version of f
y

Wind (a) with g(x) (a) with *.g(x)
Yield (st.mi.) (Nautical Miles) (Nautical Miles)

IKT 0 0.988 0.957

30 120.6 120.6

* 60 217.5 217.5

10KT 0 01.92 01.87

30 485.6 485.6

60 888.2 888.2

100KT 0 06.90 06.62

30 1256. 1256.

60 2330. 2330.

IMT 0 17.63 17.23

30 2254. 2254.

60 4237. 4237.

10MT 0 41.66 40.79

30 3256. 3256.

60 6180. 6180.

lOOMT 0 95.56 93.75

30 4240. 4240.

60 8104. 8104.
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to the .1 Roentegens/hr dose rate contour for each Wind

and yield condition was compared with the downwind distance

used to generate the data in Table I. The step sizes used

during this numerical integration were identical to those

used earlier for each yield and Wind condition.

In the eighteen cases examined (specified by Table 1)

the recovered activity and cumulative g(x) were identical to

the data presented in Table 1 to four significant figures.

Also as Table III indicates, the downwind limit used is

* identical for both cases to four significant figures for

winds greater than 0. For a zero Wind condition, the dispar-

ity fluctuates between 3.1% at 1 KT in "x" to 1.9% at 100 MT.

This is not significant when one considers the integration

technique and the relationship of g(x) and 4.g(x) as in

Figure (3). Thus, the use of bfa .g(x)dx or 0ag(x)dx in
0

Equation (18) does not affect model conservation.

Conclusion

WSEG, as presented by Pugh and Galiano in their origi-

nal work is mathematically conservative. It, however, from

modifications in 1962, did not reflect an accurate picture

of the true fallout pattern based upon later data. The 1962

version represents this data more adequately but as demon-

strated in this section, is not conservative because of the

addition of a2 to f y. The effect is seen primarily at yields

less than 1.0 MT with high winds.

40



V. Computer Implementation

The Fortran subroutine containing the WSEG model located

in Appendix A was adapted to the ASD CYBER 74 computer and

coupled with a main program designed to generate output iden-

tical to the sample output also contained in Appendix A on

pages 58-61. All work was subsequently done on the ASD

CYBER 74 computer and specific user instructions concerning

program operation are contained in Appendix E. Additionally

this program is designed to output g(t), 4.g(t), g(x), cumu-

lative O.g(x), the g(t) time constant, and the g(t) exponent

(n).

The results are contained in Appendix B, pages 72-75

for four conditions used to validate the computer program.

In all cases the yield used i3 .01 MT and the shear is .1

knots/kilofeet. The effective wind varies from one to ten

knots and the fission fraction is assumed 1.0. As seen, the

output generated for this thesis is nearly identical to the

output in Appendix A for each wind condition. Downwind and

crosswind range deviations are limited to .1 nautical miles

or less and dose rate deviations are less than 10 Roentgens/

hr.

As a final note, the output created during this inde-

pendent study and presented in Appendix B is not exactly

identical with the sample output of Appendix A for two reasons:

One, the subprograms programs providing the cumulative nor-

mal and the gamma functions were locally created and may not
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provide the same accuracy as those used to generate the sample

output in Appendix A; two, the step size used to generate

the sample output was unknown. This factor plays a critical

role when attempting to duplicate earlier work.
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VI. WSEG Limitations

The purpose of this section is to discuss several limi-

tations of the WSEG model that have been discovered either by

researching literature or through experience using the model.

Some of the following limitations have been mentioned earlier

in this report:

1. The model cannot account for complex wind or

shear patterns. This restriction leads to poor

results. Whether results are high or low de-

pends on the test data evaluated and the accur-

acy of the wind data.

2. The model is unable to account for meteorologi-

cal conditions such as rain, snow, etc.

3. Stabilized cloud parameters appear to be in-

accurately predicted when compared with other

models (Ref s. 7: 84; and 5: 17) . The net re-

sult is a reduced fallout pattern area as both

downwind and crosswind displacement are affected.

WSEG also underpredicts a yand cloud center

heights at low and high yields. This inaccuracy

is partially compensated for because a0is over-

predicted.

4. WSEG produces peak concentrations, for the con-

dition of Wind i 0, that occur at very nearly

the same downwind location regardless of wind

velocity. To explain this error, recall that
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the downwind distribution function is 4.g(x).

The parameter "al" defined by Equation (22) with-

in 4 varies according to effective wind velocity.

Higher wind velocities lower the magnitude of

a, thereby driving 4 to a maximum or minimum

more rapidly as one marches downwind or upwind

respectively from ground zero. Also a time

limit for the argument of 4 was established

* through subroutine logic which if exceeded set

Figure (9) depicts this discrepancy clearly.

It represents DH+l/Yield versus distance for

several wind conditions where DH+l is the hot-

st.mi.line value. Winds are in units of hr Thehr

yield condition used was chosen for convenience

during preliminary work. Note the peaks, when

affected by effective wind, occur at very nearly

* the same downwind location. In fact, the peak
st .mi.

for the 60 hr curve even appears closer to
st.mi.

ground zero than that of the 40 hr curve.
hr

This error indicates that either the ef-

fective wind velocity affects the fall rates

or that the peaks are caused by large particles

whose downwind position is independent of wind.

In both cases the inconsistencies are obvious.

* VIn the first case the effective wind is a hori-

zontal contribution to the translation of
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activity and has no effect vertically. The

second case does not account for the transition

from the "0" wind condition with a peak at

ground zero to a variety of wind conditions re-

sulting in peaks at almost the same downwind

location.

5. The "0" wind curve in Figure (9) has an obvious

asymmetry. The explanation involves the torroi-

dal growth expression in a which is defined as* y
. 81x + 2aX1

ao(1 + A). This term dominates in a
o L

"0" shear environment. The inclusion of 2a
x

within the absolute value sign resulted in a

reduction in the magnitude of a for upwindy

calculations when compared to downwind calcula-

tion at the same IxI. The reason is that ax

is always positive. This effect coupled with

the three hour effectiveness of torroidal growth

produced the asymmetry. A correction is made

simply by defining the torroidal growth expres-
8 (lxi + 2ax )

sion as a (1 L ). This correctiono L

is used in Figure (10). Note that the curves

with 10, 20, 40, 60 - st mi. winds in Figureshr

(9) and (10) are identical. This discrepancy

had no effect in downwind fallout pattern com-

putation for an environment with wind.

* 6. The use of the Source Normalization Constant

(SNC) at 2 x 106 Roentgens-mi2 adjusts total
hr MT
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activity deposited as local fallout at 80% of

fallout entering the cloud regardless of yield.

7. The choice of Source Normalization Constant

used by WSEG is three to four times greater

than used by later models (Ref. 7:85). This,

if the other models are accurate, would cause

an overprediction.

8. The model generates contour patterns that are

* nearly elliptical in shape. As seen, the com-

puter code in Appendix B solves for crosswind

component (y) using a Gaussian distribution.

Complex patterns are therefore not possible.
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VII. Summary

The purpose of this thesis is to recreate and document,

for local use, the most popular analytical fallout model,

WSEG-10. Additionally several sections were also devoted to

analyzing different facets of WSEG-10. This study will pro-

vide a basis for future fallout studies.

The first section discussed the WSEG-10 model from the

original document by Pugh and Galiano (see Ref. 1) including

later revisions. An explanation of terms was provided where

possible.

The second section contained an analysis of the cross-

range dispersion term, a . It was found that shear effects

predominate at late times after burst while the torroidal

growth term is dominant soon after burst. Graphs of several

wind and shear conditions can be seen in Figures (6), (7),

or (8) and in Appendix C.

Also discussed was the resemblance of the torroidal growth

term to a term representing diffusive growth based on Fick's

Law. Appendix D contains a development of Diffusivity from

Fick's Law for comparison. The results indicated that the

process defined by Pugh and Galiano was not diffusive growth

for the following reasons:

1. Arbitrary deletion of units in the torroidal growth

term. T c was assigned a dimensionless value of 8.

This produced the resulting units for Diffusity.
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2. When compared with diffusive growth modeled by

DELFIC, the WSEG expression for torroidal growth

was many orders of magnitude greater.

3. A three hour limit was placed on the effects of

this term thereby restricting its contribution.

The third section discusses the property of conservation

for the WSEG model. Results demonstrated that activity was

conserved regardless of the upwind/downwind normalized dis-

* tribution function choosen within the context of that section.

Only with the original crossrange distribution, fyo' however,

did WSEG conserve activity. The 1962 version, which is also

the present version of fy, is unnormalized resulting in signi-

ficant losses at low yields and high winds. It was also found

that varying shear conditions did not affect conservation.

The fourth section describes computer implementation of

the subroutine Dose obtained from Mr. Ralph Mason. Subroutine

Dose contains the analytical expressions developed in the WSEG

model consolidated in subroutine form for easy use. Output

nearly identical to that provided in Appendix A is contained

in Appendix B. Appendix B also contains a computer listing

of the AFIT version of WSEG along with a definition of terms

and sample results. A program user's guide is in Appendix E.

The last section discusses a series of weaknesses or

limitations to the model discovered either through computer

use or researching the literature for this thesis. Inconsis-

tencies covered in discussions concerning ay or conservation

were not included in this section. Several of these weaknesses
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included a DH+ 1 asymmetry in a "0" wind condition and peak

DH+ 1 at nearly the same downwind location for winds between
st.mi.10 and 60 stm.hr
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Appendix A

Subroutine Dose and Sample Output

This appendix contains the Fortran subroutine Dose ob-

tained from Mr. Mason, National Military Command Support Cen-

ter. Also included is a series of sample results for the

following conditions:

Yield = .01/.03 MT

Shear = .1 knots/kilofeet

-.Fission Fraction = 1.0

Wind - 1.0 to 10.0 KTS

No modification has been done to the subroutine. Ref,:rences

to "dose" in the sample output actually refer to dose rate

in Roentgens/hr.
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SUBROUTINE DOSE(DB,DH,SIGYA2,YY,XX,SHEARY,WIND,FFRAC,
YIELD)

C THIS SUBROUTINE IS THE FEBRUARY 23, 1962 VERSION WITH
C ALL CHANGES + MODIFICATIONS TO RESEARCH MEMORANDUM 10
C INCORPORATED. USERS WILL BE INFORMED OF ANY LATERC MODIFICATIONS.

C IN NORMAL FULL CALLS,
C OUTPUT PARAMETERS
C DB=THE BIOLOGICAL DOSE IN ROENTGENS (INFINITE
C PLANE DOSE)
C DH=THE H+I DOSE RATE IN ROENTGENS (INFINITE PLANE
C DOSE)
C SIGYA2=THE TERM SIGMA Y SQUARED IN SQUARE NAUTICAL
C MILES
C (SOMETIMES USEFUL IN INTEGRATION OF DOSE AREAS)

C INPUT PARAMETERS
C YY=THE CROSSWIND DISTANCE PERPENDICULAR TO THE
C WIND DIRECTION IN NAUTICAL MILES
C XX=THE DISTANCE ALONG THE X AXIS PARALLEL TO THE
C WIND DIRECTION IN NAUTICAL MILES. (XX IS NEG-
C ATIVE FOR UPWIND LOCATIONS)
C SHEAR=THE CROSSWIND COMPONENT OF SHEAR
C WIND=THE EFFECTIVE FALLOUT WIND IN KNOTS
C FFRAC=THE FISSION FRACTION
C YIELD=THE YIELD IN MEGATONS

C NOTE THAT CALCULATIONS ARE NOT REPEATED FOR PARAMETERS
C THAT HAVE NOT CHANGED. THEREFORE, THE CALL MAY BE
C SHORTENED TO EXCLUDE THOSE PARAMETERS AT THE END OF
C THE CALLING SEQUENCE THAT REMAIN THE SAME.
C CALL DOSE(DB,DH,SIGAY2,YY)

C THIS SUBROUTINE MAY BE USED AS A FUNCTION SUBROUTINE
C WITH THE VALUE OF THE FUNCTION EQUAL TO THE BIOLOGICAL
C DOSE.
C ANSWER=DOSE(DB,DH,SIGAY2,YY,XX,SHEAR,WIND,FFRAC,
C YIELD)
C IS EFFECTIVELY ANSWER=DB

C A THIRD USE IS TO INPUT XX AND THE DOSE AND RECEIVE
C AS OUTPUT THE CORRESPONDING YY IN NAUTICAL MILES.
C (USEFUL IN COMPUTATION OF FALLOUT CONTOURS)
C CALL DOSE(YDH,YDB,-DOSE,YY,XX,SHEAR,WIND,FFRAC,
C YIELD)
C YDH=THE YY DISTANCE IN NAUTICAL MILES FOR AN H+I
C INPUT DOSE
C YDB=THE YY DISTANCE IN NAUTICAL MILES FOR A BIO-
C LOGICAL DOSE
C -DOSE=MINUS THE VALUE OF THE DOSE
C ALL OTHER PARAMETERS ARE THE SAME AS ABOVE
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IF(YIELD-OLDYLD) 1,2,1
C YIELD DEPENDENT CALCULATIONS

1 OLDYLD=-YIELD
YI4T=LOGF (YIELD)
T3=2000000. *YIELD
SIGO=.7+YMT/3.-3.25/(4.*(YMT+5.4) **2)
S IGO=EXPF (S IGO)
SI G02=S IGO *S IGO
T1=YMT+2 .42
H=44.16.1*YMT=. 205*T1*ABSF (Ti)
SIGH-. 18*H
SIGN2=SIGH*SIGH
T2=H/60
T=(12.*T2-2.5*T2*T2)*(l.-.5*EXPF(-(H/25.)**2))*

1.0573203
* GO TO 3

*2 IF(WIND-OLDWIND) 3,5,3
C WIND DEPENDENT CALCULATIONS

3 OLDWIND=WIND
4 ZLO=WIND*T*1.151515

ZLO2= ZLO* ZLO
SIGX2=SIG02*(ZL02+8.*SIG02)/(ZL02+2.*SIG02)
SIGX=SQRTE (SIGX2)
ZL2=ZLO2+2. *SIGX2
ZL=SQRTE (ZL2)
T14=ZL02+. 5*SIGX2

40 ZN= (zL02+SIGX2) /'14
IF(ZN-1.002) 102,102,103

102 ZN1l.
T20=1.
GO TO 42

103 T20=GAMMA(1.+1./ZN)

42 T4=T3/(ZL*T20*2.5063)
PALPH=. 001*H*WIND*1. 151515/SIGO
ALPH1=1./ (1.+PALPH)
T5=ZLO/ (ZL*ALPH1 *SIGX)
T6=2. *SIGX2*T*T*SIGN2/ZL2
T1S=ZL02/ZL2
T7=T15*T*T*SIGH2
GO TO 6

5 IF(SHEARY-OLDSHR) 6,8,6
C SHEAR DEPENDENT CALCULATIONS

6 OLDSHR=SHEARY
7 T21=SHEARY*SHEARY*1. 325975

T8=T6 *T21
T9=T7*T21/ZL2
GO TO 9

8 IF(XX-OLDX) 9,116,9
C X DEPENDENT CALCULATIONS

9 OLDX=XX
X=XX+6080 ./5280.

10 T1O=X+2.*SIGX
T111l.+ (8. *ABSF(T1O) )/ZL
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IF(T11-4.) 12,12,11
11 T11=4
12 T22=T11*SIG02

T30=T5*X
IF(T30-6.) 35,36,36

36 T30=1.
GO TO 37

35 T30=CUMOR(T30)
37 T12=T9*T10*T10
43 IF(X) 13,14,13
14 T13=1.

TO TO 15
13 IF(ZN-1.) 113,114,113

114 T13=EXPF (- (ABSF (X) /ZL))
TO TO 15

113 T13-EXPF(- (ABSF(X)/ZL) **ZN)
15 SIGY2=T22+T8+T12

SIGY=SQRTE (sIGY2)
TARR=SQRTE(.25+(T15*T1O*T1O*T*T*2.*SIGX2)/T14)
BETA=LOGE (TARR/31. 6)
ZLD=-.287-. 52*BETA-. 04475*BETA*BETA
BIO=EXPE (ZLD)
IF(WIND) 27,27,53

53 T23=(2.*X)/(WIND*1.151515)
IF(T23-10.) 28,28,27

27 ALPH22=1.
GO TO 29,

28 T24=CUMNOR(T23)
ALPH22=1./(1.+PALPH*(1.-T24))

29 ALPH2=ALPH22*ALPH22
IF(SIGYA2) 91,90,90
TO CALCULATE V, GIVEN X AND A DOSE

90 SIGYA2=SIGY2*ALPH2
GO TO 17

*91 DHXO=T30*T13*T4*FFRAC/SIGY
DBXO=DHXO*BIO
DOSEL=ABSF (S IGYA2)
IF(DOSEL) 95,117,95

95 IF(DHXO/DOSEL-1.) 94,94,92
94 DH=0.

GO TO 93
117 DH=0.

DB=0.
RETURN

92 DH=ALPH22*SIGY*SORTE(2. *LOGE(DHXO/DOSEL)) *5280./6080.
93 DB=ALPH22*SIGY*SQRTE(2.*LOGE(DBXO/DOSEL))*438Q./6080.

RETURN
116 IF(SIGYA2) 91,16,16
16 IF(YY-OLDY) 17,19,17

C Y DEPENDENT CALCULATIONS
17 OLDY=YY

SY=YY*6080./5280.
18 T16=EXPE(-.5*Y*Y/(ALPH2*SIGY2))/SIGY
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GO To 22
19 IF(FFRAC-OLDFRAC) 20,22,20
20 OLDFRAC=FFRAC
21 DH=DDH*FFRAC

DB=DDB *FFRAC
RETURN

22 DDH=T30*T16*Tl3*T4
DDB=DDH*BIO
GO TO 20
END
END
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DAi[ ! -''- ' ' JNCLASS FI fD

rAI C{lJL TFC 1* 1 .1 [DS F T F )4r .)OJRS l o
YfEI.r = -. 0' 1 1, D " T VI IN = 1. 00 KTS
S1tEA, = 0. 1 Or KTS FIERk 10D)3 F '

DOSF MA X I Mr' MAXINUM MAXIMUM RANGE TO
P NTG NS Jpi, i , D34N I ND CROSSWIND MAX WIDTH

1C. "0.( 1 n. 2 4.2 6.4
3. -0.5 8.2• 3.1 5.1

100. -r.5 6.0 2.2 3.6
?00. -0.4 4.2 1.4 2,4

1 nOp. -C.3 2.5 0.8 1.1
3000. -0.1 1.1 0.4 0.4

10000. 0. 0, O. 0.
30000. 0. 0. 0. 0.

MAX DOSE 5538. RAICE TO MkX DOSE =0,2 DOSE AT GZ 4 4111.
CALCULATED 4I+1 DOSE RATE CONTo0rs.

YIELD = 3.01300 MvT WIND x 3,OQ KTS.
SHEAR = 0.100.KTS PER 1000 FT Ia

DOSE MAXIMUM 4AXIMUM MAXIMUM RANGE TO
ROENTGENS UPfI I D DD04MWIND CROSSWIND MAX WIbFH

10. -0.5 ,24.5 3.1 15.5

30. -0.4 18, 7 , 2 2 11.6
103. -0.3 1 ?.8 :-4 7.5
300. -0.3 8.0 0.8 4.0
1000. -0. 1 3.4 0.4 1,4
3000. 0.2 0. 5 0.1 0.3

1)00). 0. 0. 0. 0.
3003. 0. 0. 0. 0.

MAX DOSE = 3148. RANGF, TO MAX DOSE p0.3 DOSE',AT G Z 1910.
CALCULATED H I VOSE RATE 'CONT'OURS

YIELD = 0.01000 MT WIND = 5.00 KT$
SHEAR = 0.100 t.TS PER 100 FT

DOSE MAXIMUM MAXVUM . MAXIMUM RANGE TO
POENTGENS UPWIND DO4NWIND CROSSWIND MAX WIDTH

10. -0.4 36.2 2.6 22.9

30. -0.3 .26.9 1.8 16.5
100. -0.3 17.5 1.1 9.9
300. -0.2 10.0 0.6 4.6

1 no0l. -0.1 3.1 0.3 1 .0
3000. r. 0. 3. 0.
10000. 0. 0. 0. 0.
3000. (,. 0. 0. 0.

MAX DOSE 2191. RAIGE TO MAX DOSE m0.3 DOSE AT GZ 2 1238.
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,-I t'r; L A S I F I F L

I'I r T7 r -+1 f ,0 1 A T cr cD T0Jro "S
Y I I I C. I rT V.IND 1 V.00 KTS
SI.1AP 1.10., i TS FElF 1 (10 FT

M A X I M. * ' 1 X I I U 4 MAX IMU N RANGC TO
r 0L N T Gr; F S u r 1N L C d N1I ND C ROS SWI ND M4AX w'lrTis

Ir; -F.3 6n.5s 2.1 17.9
3 r0 -0.2 4 2.7 1 .3 25.6

103. -C.2 25.4 0.8 13.1
- ]. -0.1 11.8 3.4 6.0

Iro?. 0.1 1.5 0.1 0.3
:P000. 0. 0. 0. 0.

Ioco. . 0. 0. 0.
T 0 r, . 0. 0. 0. 0.

V !AX DOSE = 1238. RANGE TO MAX DOSE 20.2 DOSE AT GZ 658.
rALCULATED 4+1 tOSE RATE CDOYTOURS

YIELD = 3.013"3 PT WIND = 20.00 KTS
SIIEAP = 0.100 KTS PER 1030 FT

DOSE MAXIMUM MAXIMUM MAXIMUM RANGE TO
POENTGONS UPWIND DOWNJIND CROSSWIND MAX WIDTH

10. -0.2 98.3 1.6 60.2
3c. -0.2 65.0 1.0 36.5

100. -0.1 33.4 0.5 18.2
303. -0.1 10.1 0.1 4 5

100%,. 0. 0, 0. 0.
3000. 0. 0. 0. 0.

10000. 0. 0. 0. 0.
30roO. 0. 0. 0. 0.

MAX DOSE £54. RANGE TO MAX DOSE =0.2 DOSE AT .CZ 340.
CALCULATED H+1 DOSE RATE CONTOURS

YIELD = 0.01000 MT WIND = 40.00 KTS
SHEAR = 0.100 FTS PER 1000 FT

DOSE MA X I MUl MAXIMUM MAXIMUM RANGE TO
ROENTGEN! UPWIND DO,/N, IND CROSSWIND MAX WIDTH

1 . -0.1 153.8 1.2 90.4
30. -0.1 92.5 0.7 51.5

100. -0.1 33.8 0.2 22.4
700. 0. 2.E .0 0.2

1000. 0. 0. 3. 0.
3no0. 0. 0. 0. 0.

I1ro0. 0. 0. 0. 0.
30000. 0. 0. 0, 0.

MAX n1SE = 341. RA.GE rO MAX DOSE =0.2 DOSF AT GZ 173.
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S ALifI ' t.i ,oS- Fe TF O OUr S
SHEAR = .10fl TS FE !1'0). rT

r ).,; r %I ', X 1 .L' " M 'N X I v LI MAX IMUM RANGE TO
rF14TFNS 0W! 4IL t.3* VWJ ND CROSSWIND MAX WIDTh

1r . -1.1 15.3 8.6 9.7
3 l . -1 .0 1 2.2 6.4 7.6

100. -0.8 9.0 4.4 5.4
309. -0.7 6. 3 2.9 3.5

1000. -n.5 3.6 1.7 1.6
3300. --(].2 1. 5 0.8 0.6
1 or,.DO0. 0. 0. 0.

30,)0C. 0. D. . 0.
MAX DOSE = 4F16. RANGE TO MAX DOSE =0.4 DOSE AT GZ ' 9775.

CALCULATFD tI 1 DOSE RATE CONTOURS
YIELD = D.030C.0 'MT WIND - 3.00 KTS
SHFAR = 0.10 KTS PER 1000 FT

DOSE MAXIMUM M.XIIUM MAXIMUM RANGE TO
ROENTGENS UPWIND DOJNJIND CROSSWIND MAX WIDTH

10. -0.96.8 6.2 23.4
30. -0.8 28.0 4.4 17.4

S10. -0.6 19.1 2.8 11.3
700. -0.5 1 1. 9 1.7 6.1

1c00. -0.2 5.1 3.8 2.0
300. 0. 0. 0. 0.

100O. 0. 0. 0. 0.
3orn0. 0. 0. 0. n r.

MAX DOSE = 299. R AtGE TO MAX DOSE =0.5 DOSE AT GZ 1893.
CALCULATED HI+ DOSE RATE 'CONTOURS

YIELD = 0.03000 'IT WIND = 5.00 KTS
SPEAR = 0.10) KTS PER 1000 FT

DOSE MxI MU M MAXIMUM MAXIMUM RANGE TO
ROENTGENS UPWIND DOJNWIND CROSSWIND MAX WIDTH

10. -0.8 54.4 5.3 34.5
31. -0.7 40.3 3.6 24.9

100. -0.5 26.2 2.2 15.0
303. -0.4 15.0 1 .3 6.3
100. -0.1 4.7. 0.5 1.6
300C. 0. 0. 0. 0.
1 0fl. 0. 0. 0. 0.
30000. 0. 0. 0. 0.

MlAX DOSE = ?147. RANGE TO MAX DOSE =0.5 DOSE AT GZ * 1252.
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CA! 1'- I_,. 
. C LA I r I t

Al ijI 1.f 41 r oSr =ATF" O T CJPS
YI'I I " P.- r V L. ' I% D = Inr 0 .n KTS
SIFAf: = 1.' 1 PER 1PJ FT

p(I F[ C MiAX 1IJf1 IA X I r1 UN MAX IMUII RANGE TO
D ') TCr r S JPiI 10 IJ ,Nd1NC CROSSWINDr MAX WIDTH10. -0.6 4o'. 4.? 57.1

-".5 54.0 2.7 ! •
S. -4 3P. 0 1 5 19.5

'00. -0.2 1 7.8 0.8 8.4
lon0. n .2 2.5 9.2 0.(
A-0C. n. 0. 0. 0.13000. C0 0. 0.

3"00. 0. 0. 0. 0.rAX DOSE = 1252. RANGE TO '1AK DOSE =0.5 DOSE AT CZ = 676.
CALCULATED r1+1 DOSE RATE COVfOURS

YIFLD = 0.03300 MT WIND = 20.00 KTS
S H EAP = 0.100. KTS PER 1000 FT

DOSE MAXIMUM VAXIU4m MAXIMU4 RANGE TO
R OENTGF1S UPWIN. DDoNWIND CROSSWIND MAX WIDTH10. -0.4 14 7.4 3. 2 90.9

33. -0.3 97.4 2.0 55.5
100. -0.2 50.2 1.0 24.7
!OC. -0.1 15. 7 0.4 7.7

1000. %. 0. 0. 0.
3000. 0. 0. 0. 0.
1.10D . 0. 0. 0. 0.

30r0. 0. 0. 3. 0.fAY D.SE = C81O. RAPGE TO MAX DOSE =0.4 DOSE AT CZ 351.
CALCULATED H+1 DOSU RATE CONTOURS

YIE-r = 0.(]3300 PiT WIND = 40.00 KTS
S1EAP = 0.109 KTS PER 1000 FT

DOSE MfXIMUM m AXI U MAXIMUM RANGE TO
ROENTGENS UPWIND DOWNWIND CROSSWIND MAX WIDTH

I . -0.2 230.5 2.4 137.1
30. -0.2 138.6 1 .4 68.3

lC. -0.1 52.1 0.5 32.1
30r. v. 5.4 0.1 0.3

1roC. 0. 0. 0. 0.3 103. 0. 0. 0. 0.
lo0no. 0. n. 0. C.
30"00. C. 0. 3. C.

MAX D'ISE = 354. RANGE TO MAX DOSE =0.3 DOSE AT CZ 179.
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Appendix B

AFIT/WSEG Fortran Computer Program

This appendix contains the fully documented AFIT/WSEG

Fortran computer code utilizing the subroutine Dose. It also

contains a definition of terms for Dose and sample output

for four different conditions. Disregard the computer gen-

erated sequencing at the left margin as it is not essential

to the operation of the computer code.

6

S.



I". PROGRMn USEG ( INIPUT- O 8, OUTPUT,. TAPES-OUTPUT)
114. DIMqENSION DHin4a0),$P9AXI(20).DUnAX1(20).YYNAXl(a0)
120- ZINENSIOh R2HAXU(2*),CUMXI(26)
130- COMMON GT.GX.GTI
140. COMIAM OLDYLDOLDUINDOLDSHROLDXOLDY..,LDVRAC
ISO- coIt"V T.ZH
140-,. THIc PP~rPAR 15 THE AIR FORCE INSTITUTE OF TICHHOLOGV.5 LxR5ION
176-C OF USEG-16 CREATED BY PUGH IN 1959 AND CONDENSED INTO PRESENT FORN
190-C --THE SUBROUTINE DOSIE--OBTAIMED FROM MR. RALPH4 nASOmNNATIOIAL
190-C MILITARY COMMAND SUP'PORT CENTER). INPUT AND OUITPUT PARMTERS TO
200-C DOSE ARE EXPLAINED WITHIN DOSE AND NOT REPEATED HERE. ADDITIONAL

a2C CWWmNTS HA BEEN ADDED WITHIN DOSE TO TO FUWrHE4 AID THE USER IN
:-C DENIFYNG HEUARIABLES AMD/Olt THE PROCESS INVOLVED.

240-C THE MAIN PROGRAMq IS DIVIDED INTO THREE SECTIONS1
250-C 1. THE FIRST DO LOOP SEARCHES DOUNUIND OF GROUND ZERO FOR

260-C MAXIMUMNIMUIT TIRE REFERENCE DOSE RATE ECT. IT ALSO CALCUlATES
27*-C CUMULATIVE G(X).
280-C Z. THE SECOND DO LOOP SEARCHES UPWIND OF GROUND ZERO
290-C 3. THE THIRD DO LOOP SEARCHES FOR CROSSRANGE DATA. IT IS
300-C ONLY CONCERNED WITH DOWNWIND DUE TO THE 14ATURE OF THIS MODEL.
310-C
320-C
330-C
340-C INPUTS I:sSSS~~su23Sg3115338233g3S~3S
".0C

360-C FFRAC--REAL NUMBECR SPECIFV1ING FISSION FRACTION FOR DWST
370-C
380-C IYIELO'--INTI GER PARAMEiTER SPECIFYING THE HIMIDER OF YIELDS TO KE
390-C EVALUATED.
400-C
410-C ISHEAR--INTEGER SPECIFYING THE NUMBER OF SMEAR CONDITIONS.

42, C
430-C IUINO-- INTEGER SPECIVING THE tENSER OF WIND CONDITIONS
440-C
450-C IGT--INTEGER SPECIFYING OUTPUT INCLUDING GIT) AND TIME. If
460-C DESIRED ENTER 1. IF NOT ENTER S
470-C
480-C IGX--INTEGEE REQUESTING OUTPUT OR GINI AND DOWNWIND DISTANCE. IF
490-C DESIRED ENTER 1. IF NOT ENTER 0
600-C

* 510-C ICUMGX--IMfT1GER REaESTING CUUATIVE GtE) FOR EACH I~PU DOWE
520-C RATED CONDITION. IF DESIRED ENTER1 1. IF NOT ENTER S
530-C
S46-C XLEN--REAL MURDBER SPECIFYING THE DOWIMD AND UPWIND MACING
550-C INTERVAL. THE LIITS OWC NAUTICAL MILES.
660-C
570-C INT- -INTEGER SPECIFYING WHICH ITEIRATION THE WRITE STAEMNTS foR
Ses-C r.IN) AMI G(T) ACT LIPOM. I.E. IF INT-IS THEN CE"Y TEMNTH VALUE OF
590-C G(X)/GCT) AND DISTAHCE/TIME WILL KE PRINTED.
606-C
610-C yIEL&D--REAL HLEIR SPECIFYING THE YIELD OR THE WEAPON IN MEQATOMIS.
620-c
630-C UINO--REAL MLMIE SPECIFYING THE EVVECTII.E WIND IN 00OT.
640-C
650-C SHEYr--KAL MURDSER SPECIFYING THE CROSSWIND SHEAR COMPONENT IN
660-c KNOTS/UILOROOT.
670-C
60-C DHI--ftAL NUMBER SPECIFYING THE UNIT TIME REFERENCE DSEM RATE
690-C THE COMPUITER WILL USE Ad IT GENERATIES THE OUTPUUT POAMTRS.
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7T0-,' INITIeL C OI4DITIO1$--YIELDUINDSHiEAR.FISSION FRACTIONSTEP SIZE

-0. .k , -y--tEPAb5ITIoN OF FALLOUT PER LINEAR RILE. THE UNITS ARE PER
"730. C HAUTICAL MILE. INCLUDED IS CORRESPONDING RANGE FROM GROUND
" '-¢ ZER,).

312-c GOT)--DEPOSITIOh OF FALLOUT EUERYWHERE PER TIME. THE UNITS ARE
321-C PER HOUR. ACCOMPANYING G(T) IS ITS TIME COORDINATE IN HOURS.

S4-C DUDMAX--DISTAHCE IN NAUTICAL MILES FROM GROUND ZERO DOWIND TO
ss0-C UTRD RATE SPECIFIED BY DIII.
360-C
870-C UPMAX--UPWIND DISTANCE TO UTRD RATE SCECIFIED iV DHI FROM GROUID
980-C ZERO. THE UNITS ARE NAUTICAL MILES. NOTE XX MAY BE (-) ON I#)
90-C DEPENDING ON THE MAGNITUDES OF THE EFFECTIVE MIND AND YIELD.
900-C
910-C DIMAX--RXIMUMI HOTLINE UTRD RATE CONTAINED WITHIN THE TOTAL
92O-C Fe4LLOUT PATTERN SPECIFIED BY THE MINIMUM DHII. UNITS RE R,,HOWI.
9313-C
940-C RMA)D--DISTANCE FROM GROUND ZERO IN NAUTICAL MILES TO DNMAX.9SO-€
960-C DGZ--UTRD RATE AT GROUND ZERO. THE UNITS ARE R/MOUR.
970-C
980-C YYMAX--RAXIRUM CROSSRANGE UIDTH OF ISO-DOSE RATE CONTOUR SPECIFIED
990-c BY DHI. THE UNITS ARE NAUTICAL MILES.
Isso-C
1e1e-C R2MrAX,--D4)UHND OR UPWIND DISTANCE TO VYMAX. UNITS AE NAUTICAL
1020-C MILES.
1030-C
1040-C CUMGX--CUMULATI(VE G(X) BIUDED BY THE UPWIND AND DOWNWDIND RANGE
105B-C DATA SPECIFIED BY DHI. CUMGX CALCULATED IY TRMPEZOIDAL INTEG-
1e60-C RATION AND IS DIMENSIONLESS.
10141-C
leae-C "N'--EXPOt4ENT Of G(X) OR G(T)

1100-C *T--TIME CONSTANT FOR YIELD
1110-c
1120-C
1130-C
1140-C
11so. READS.FFRAC
1160. SIG A2-0.0
1170'S DO Is J-I.3S
1180- DNR(J)-O.O SIUPXI(JI-O.0 I YYIXI(J)-O.O
1190- RN2MA)I(JI-6.0 6 DUMNAXIJ)-0.6 6 CUMXICJ)-.0
1290*1o CONTINUE
1210. READS. IYIELD. ISHEAR, ZUIND. lGT. IGX. ICUR
1220- READI.XI.F.INT
1230. OO 14 JK*IIYI[L"
124#- READS.YIELD
loSe- DO 14 JKK-I.IS4ENC
1260. READS, SNEARV
1270 DO 14 KJK-I.IUIND
lgog READSUIND
1290- IITE s
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1304-2s FORMiATI X. *CALCULATED H#*1 NOUN DOSE RATE COI(TOUASI.i/j
1310- UP ITE 30
l'.%.30 FOPIIAT(IX,1H1TIAL CONDITIOISS.'1

13.' ITE 3S.VIELDi
1F4*3 rR~T5 ,.AVILD4flEG.TONS)g.1*X.8. sF6.a,/1

WRITE Se.FFRAC
130;. 15 FP.R~mTtS;A&F1SiIO"l FRACTlONS.9X.S. I.FS.2.'3
1: 7- UPITE SS.UIND
1i~Os' 55 F(RATSX.zUIND(KTS)I.16iX.3.a*U.*
1390- IJRITE 60.S44CARY
14%%)-60 FOP"AT (SX, ISHEAR (KTS PER KILOFOOT)S.aXS. *.F6.2,-)
1410. WRITE 64,XLEN
1420-64 FORPAT(SXISIEP SIZE(MUTICAL MILE)*3.8* - .F6.3.i')
1 430 URITE 65
1440.:66 FORflATIIX.SRESULTSa ALL DISTANCES IN NAUTICAL MILES*,//)
1450- IFoIGT.EO.1) WRITE 66
1466-66 FVORfAT(1X.G(T),SX.GTsPHl.4NTi~l
1470 IF!1GT.EO.1) WRITE 67
148%$:7 FOAAT(7X.IPER HOURS.14X.SPER HOURS,14X.SNOUS..'3
1.490- lF(UI14D.EO.0.9AMD.IGT.EQ.1) PRINTS,*G(T) AND0 TIER FUNCTIONS
1500. 'OF UIr4 ARID DISTANCE ANID ARE EITHER UNDOEFINED OR 0.09
1ile VIdG; .EO.l) WRITE 88
IS213-68 FORMAT(7X, SC(X )8,1SX, MOTL INES)
1530. IFVIGX.EG.13 WRITE 68
1540.69 FORC1AT(SX.&PER hAUfT.M1..X,%.FROR GRD.ZEROS,./)
1550- ['SPAX-0.4

IS" 0D 4 JJ-1.3
iS7*. C UMGX -S. 8
3530. LPM)(*0.0
1590. xx.4
16"0. yY.S.0
16t*. OLDVRAC-0.0
1620- OLDY-1.Eg
1630. OLDX(-l.Eg
1640. OLDSHR-l.C9
16S0. OLDUItiD-1.E9
1660. OLDYLD-0.S
167:: DHOLD;.*
1680 DH*I.E
1620. READS.DNI
170 DO 1 1-1.0"0

1720- CALL DOSE(DS.DHSIGYA2,YVXX.SHEAIV.UIND.PFR*C.ZELDI
1730. IF(WV.EG.0..AND.YX.EQ.#.a VGZ-DH
1748. 1F40U.LT.DH1.M4.I.CO.I0 DUDA-.0
1750. IF(DN.LT.DH1.AIID.I.CO.l) YYRAX-.0
1760- IF(VH.LT.DHI.AND.3.EO.1) R2MAH1D.S.0
1776. IF(DH.LT.DHI.AtN.I.E0.1) CUMG-.0
1780. £FD4.GE.D1NiAX) DO3AX-OH
1790- IF(DH.GE.DD5IX3 RMAXD-XX
1ess- 1Fc004.GE.VHI.APID.DhI.LE.DH0LD) DUDAXX
let6- IF(D.LE.DH1 .At~b.bN.C(.DHOLD.*ND.D3,m.GE.DI) LI#XXX
1820- IF(DH.LT.0143.AI4DDH.LT.D..OLD1 00 TO 6

1240- IF(I.GT.1) CUWG.MDZVXLEM*CUASX
Its#- GXOLD.QK
Is"0. IFIUIND.EG.0.0e TIME-*.@.
1870. IF(UIND.GT.O.0) TINC.09..UI14
las0. IF(JJ.GT.1) GO TO 6
1800 IFUWIND.E...A.IGT... .KL.CO.I3 UNITE 7.GT.GTSTIME
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1900.70 FORMAT(3X,F12.S.10XF12.8,12X.F6.2)
1910. IF(KL.EQ.1.AI1D.IGX.EQ.tl URITE 71.GXXX
1923.71 rORMAT(3X.rI2.8,13X,F6.2)
19-0-9 IFIDEflAX.LT.DHI) GO TO 5
1940e. DHWOLD-D4

1960~.1 C0NIT1NUE

19S0.-'2 FORfATIOX,FS.0.lOX,tCALCULATIONS INCOMiPLETEC--- PLEASE INCREASE

1 990- 'STEP SIZES./)
2000. IF(DH.GT.DHI.AND.I.EG.6800S GO TO 15
2010-5 XX~e.e
2e20. yyO0.0
2030- IF(IGX.EO.1.AND.JJ.EQ.1) PRINTI*
2040. IF(1GX.CO.1.AND.JJ.EO.1) PRINTs.1N THE UPIID DIRECTIONt-

ZOE-4- IF(IGX.EO.1.AND.JJ.EQ.1) PRINTZ,-
2460- OLDYLD-0.0
2070- OLDUIND-1.Eg
2080. OLDSHR.1.E9
2090- OLDX.1.E9
2ieo. OLDY.1.Eg
2110- OLDFRAC-0.0
2120. DH-DBflAX
2130- DO 2 1-1,6000
2140. KL.CIfT)*INT
2150. IFCDH.LT.DHI.AHD.!.GE.2) 00 TO 7
2160. CALL DOSECD3,DHSIGYA2,yy,1XX,S.4EARV,U1ND.FFRAC,Y1ELD)
2170- XFIDH.CE.DHI) IJPMAfX.xx
2180- IF(DH.LT.DH!.AND.I.EO.1.AND.UPIAX.EO.0.O) UPMAX-..
2190. IF(DH.GE.DBMAX) DBflAX-DH
2200- IF(DN.GE.DBMAX) Rt AXD.XX
2210. IF(t.GT.I) AV.(GXOLD*GXI/e.
2220- IF(I.GT.1) CUflGX.AVSXLEN+C~fiGX
2230. GXOLD.GX
2240- IF(JJ.CT.1) GO TO 6
Use0. IF(KL.CO.1.AND.IGX.EG.1) LRITE 71.GXXX
2260.6 XX.XX-XLEN
2270.2 CONTINUE
2280-7 XX..
2290. VY..
2300- OLDFRAC..
2310- YYOLD-..
2328- OLDY-1.E9
2330- OLDX-l.Eg
2340. OLDSHR-1.E9
2350. OLDUIND-. .g
2360- OLDVLD-0.0
2370- D)411.-Dg4
2380- DO 3 1-1,690#
2390- IF(XX.GT.DUDMAX) GO TO 11
2400. CALL DOSECYDB.Yrn,DII.WY.XX.SHEARY.UINDvvRAC,Y1ELD)
2410- IF(YDH.GE.YYOLD) YYPIAX-YDH
2420- lFCVVH.GE.WYOLV) REMAIW.XX
2430- YYOLD.YDH
2440. XX#Lf
24S0.3 CONTINUE
2460- 11 R2tIAXUI (JJ ).R2ftAXU SCLUGXI CJJ ).CUNGX
2470. DUDMXI(JJ)DUD AX 9 YYMAXICJJ).VYyAX
2480. DtW(JJ).DHI supHAxICjj)-IUflAX
2490-4 CONTINUE
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2S0, IF(ICUMGX.E0.1) WRITE 732510.7 FRA('.O:DOSE RATESI1OX, $MAX InMUMS, IOX,*MAX IMUMS.IgX, SMAXIMUM
VF2t * ll.J0-:,PAllGE TOI,10.*SCufULATIWES)

ZV IF-ICUP1GX.EO.lw GO TO 12
ZC . UPITE 74

~.2 74 Fc.RlM.Tc'. .IMIDOSE RATE:.10X.:MAXIMIX.SMAXIMt.f.ISX.SMAXINUM
ii8-'.10!4,*PANGE TO1)

Ez5,-12 IF.1CLIiX.E9.1) WRITE 7S
Vi'z3-75 FCPNTSX.ROENTGENS'HRX.9X.2UPWINDZ.I1X,XDOWNWINhDx.9X,SCROSSUINDS
2i;,% -. 3X,*flAA WIrTH*.12XSG(X)s./)
Ri0o. IFlICUI GX.EO.1) GO TO 13

a2610- UPITE 76
2620-76 FORMATSX,IROENTGEPS/HR,9X,*UPWINDZ.11X.:DOUNUIND:,gXSCROSSUINDS
26?0- I,8X.XMAX WIDTH*,/)
2640-13 DO 8 E-1,8
2690. IF(ICUMGX.NE.1) WRITE 80.DHR(K),.UPNAX1(K),DUDMAXI(K),YYMAXI(K
266-- ),R2TiAXWI(K)
2E70-80 FORtAT(IOX,FB.0,13XFS.2.1IX,F6.2.1IX,FS.2,12X,F6.2,/)

S2680- IF(ICUMGX.EQ.13 URITE 91.DHR(K,UPAX(K)DD1AXI(K),YPIAXI(K)
2690. 1 *R2fAXWI(K),CUMGXI(K)
2700.81 FORPITIOX.F6.e.13X,FS.2I11X,F6.2,IIXF6.2.l2Y,F6.2.12X.FS6
2-10- * I

2720-8 CONTINUE
2-30- PRINTS.-
2740. WRITE $5,DBMAX
2750-85 FORMATSXXfAXIMUJf DOSE RATE*.IIX.*.Z,2X.F6.S,/)
2"60. WRITE 90,R1IAXD
2770.90 F0RnAT(SX.IRANGE TO MAXIMUMl DOSE RATE -* SI/
2730- WRITE 95.DG2
2790.95 FORrAT(SXSDOSE RATE AT GROUND ZERO .* ,F6.0,/)
2200- WRITE 100,ZN
2810-,100 FOPMAT(SX,aPARAMETER *N*K,I5XX-V,2XF6.4./)
2820- WRITE lO5.T
2230-1l95 FORMAT(SX,STIME COiSTAT*,1SX,.-2,2XF7.4./uul*
2840-14 CONTINUE
2350-15 STOP 'END OF PROGRAM'
2860- END
2270- SUBROUTINE DOSE(DBDHSIGYA2,YYXXSHEARYUIPID.FFRACYIELD)

*22v0- CONIMON CT,GX,GTI
2290. COMIMON OLDYLDOLDWIND,OLDSHR.OLrXOLDY.OLDFRAC
2200- COMMtON T.ZN
2910-C
2920-C THIS SUBROUTINE IS THE FEBRUARY 23,1962 UERSION WITH ALL CHANGES.,
2930-C MODIFICAT IONS TO RESEARCH MIEMORANDUMI 10 INCORPORATED. USERS WILL
2240-C BE 1NWOR9ED OF ANY LATER MODIFICATIONS.
2950-C IN NORMAL FULL CALLS.
2260-C
2970-C OUTPUT PARAMETERS --------- -------
29se.C
2990-C DB-THE BIOLOGICAL DOSE IN ROENTGENS FOR AN IFI~NITE PLANE DOSE.
3000-C
3010-C DH-THE H41 HOLM DOSE RATE IN ROENTGENS/HOUR FOR AN INFINITE PLA
3020-C DOSE.
303,9-C
3040-C SIGYA2-THE TERMl SIGMA VI SQUARED IN SOUARE NAUTICAL MILES.
3056-C (SOMETIMES USEFUL IN INTEGRATION4 OF DOSE AREAS)
3060-C
3670-C
3686-C INPUT PARAMETERS ---------- --------------------
30-C
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3140-C Y Y-THE CROSSUIND DISTANCE PERPENDICULAR TO THE UIND DIRECTION
3110-C IN 14AUTICAL MILES.
312e-C

3130.C XX-DISTANCE ALONG THE HOTLINE PARALLEL TO THE WIND DIRECTION
314e-C Itl NAUTICAL MILES. (XX IS NEGATIVE FOR UPWIND LOCATIONS)
3150-C
3160-C SHEARY-THE CROSSUIHD COMPONENT OF SHEAR.
3170-C
31SO-C WIND-THE EFFECTIVE FALLOUT WIND IN KNOTS.
3190-C
32eOC FFRAC-THE FISSION FRACTION.

* 3216-C
3220-C YIELD-THE YIELD IN MEGATONS.
3230-C
3240-C

* 32SO-C NOTE THAT CALCULATIONS ARE NOT REPEATED FOR PARAMETERS THAT HAVE
3260-C NOT CHANGED. THEREFORE, THE CALL MAY BE SHORTENED TO EXCLUDE
3270-C THOSE PARAMETERS AT THE END OF THE CALLING SEQUENCE THAT RElAIN
3280-C THE SAME.
3290-C FOR EXAMPLES CALL DOSE(DB.DHSIGYA2.YYI
330e-C
3310-C
3320-C A SECOND USE IS TO INPUT XX AND UTRD RATE AND RECEIVE AS OUTPUT
3330-C CORRESPONDING YY IN NAUTICAL MILES. (USEFUL IN COMPUTATIONI OF
3340-C FALLOUT CONTOURS).
33SO-C FOR EXAWPLEI
3360-C CALL DOSE (YDH.,YDB.-DOSE, YYXXSHEARY,UIND FFRACYIELD)
3370-C
3380-C YDH-THE VY DISTANCE IN NAUTICAL MILES FOR AN H*I INPUT DOSE.
3390-C
3400-C VDB-THE YY DISTANCE IN NAUTICAL MILES FOR A BIOLOGICAL DOSE.
3410-C
3420-C -DOSE-MINUS THE VALUE OF THE DOSE.
3430-C
3440-C ALL OTHER PARAMETERS ARE THE SAME AS ABOVE.
3450-C
3460-C
3470-C NOTE NAUTICAL MILES ARE CONVERTED TO STATUTE MILES IN DOSE
3480-C THE CONVERSION FACTOR - 1.151515 STATUTE MILES PER NAUTICAL MILE
3490-C
3500-C
3510-C

* 3528-C
3530-C
3S4-C YIELD DEPENDENT EQUATIONS 2Z $ ZZ$*$ZB
3550- IF(YIELD-OLDYLD) 1,2.1
3568-1 OLDYLD-VIELD
3570- YKT.ALOG(YIELD)
3s86- T3-20000. *YIELD
3S90- SIGO-.7+YT/3.-3.2S/(4.,c(YT.5.4)s$2)
3600-C INITIAL STABILIZED CLOUD RADIUS
3610- SIGO-EXP(SIGO)
362.- SIGO.-SIG0ZSIGO
3630- T1-YT42.42
3640-C CLOUD CENTER HEIGHT IN KILOFEET
3656- H-44.+6.IYNr-.20S*TIA 3S(T)
3660-C UERTICLE STANDARD DEVIATION
3670- SIGH-.BlM
3680- SIGH2-SIGHISIN
3690- T2-H,'6l.
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3769!-C TIME CONSTANT
3719. T-c18.tT2-2.5zTaIT2)1(1.-.S1EP(-(H/25. )1za~1.e573203
317240 "-O TO 3
3730-2 IFtWIND-OLDurmD) 3,5,3
1140-C UIflD DEPENDENT CALCULATIONS t:Iz:EZS1ZsS
375.3 OLDUIf4D-UIND
370-4 ZLO.UINDtTII ISISlS
3770- ZL02-ZLOSZ'LO
3790' SIGX2.SIGO2t( ZLO2+.. SIGO2 )-'ZL2*2.ZSIGOZ)
3790-C STANDARD DEVIATION FOR X DIRECTION
3800- SIGX-SIGX21S.S
3816. ZL2-ZL02*2.*SIGX2
3920-C PARAMETER 'L

q3330- ZL-ZL2*t.S
3840. T14-Zt02+..5SIGXB
3950-C THE PARAMETER WN
3860-40 ZMN.ZLO2.SICX23'T14
3870. IF(ZN-1.002) 102,102,103

43880-102 ZN-I.
3890- T20-1.
3900. GO TO 42
3910-C GAMMAI1.+1./ZMN FOLLOUSS
3920-1e3 T2O-GAMPAU./ZN)
3930.42 T4-T3/(ZLtT20*2.50663)
3240- PALPH-.OOIZHZUINDI.l51516/SIGO0
3950-C ALPH1 IS A CORRECTION FACTOR FOR CUMULATIVE NORMAL ARGIJEMENT
3960. ALPHI-1./(1.+PALPH)
3970- TS-ZLO/(ZLSALPH1ISSIGX)
3980- TS-2.*SIGX2*TITSSIGH2/ZLZ
3990- TIS-ZLOZ/ZLZ
Aeo0. 77.TlStITZSIGH2
4010- GO TO 6
4020-C SHEAR DEPENDENT CALCULATIONS i*Z~1Z2IIUI
4030-5 IF(SH4EAR'V-OLDSHR) 6,9,6
4040.6 OLDSHR-SHEARY
4050-7 T21-SH-EARYtSHEARYZ1 .32S97S
4060- TS-TGITZ1
4070- Tg-T7lT21-,ZL2
4080. GO TO 9
4090-C X DEPENDENT CALCULATIONS US*ZX USSZIXU
4100-8 IF(XX-OLDX) 9,116,9
4110.9 OLDX-XX
4120- X-XX*6080./S280.
4130-C T16 INTRODUCES ASYVMTRY (MOST NOTICADLE FOR 60 UIND AND 10 SHEAR
4140-C COKDITION) UHEN COUPLED UIYN THE CRITERIA FOR 111. TIO SHOULD
4154-C READ: T10-ARS(X)+2.*SIGX
4160-10 Tlf.X+2.XSIGX

4180. IF(TII-4.) 12,22,11
4190-11 711-4.
4EOO.12 T22-TI1:51602
4210- T39-TSSX
42n6- IF(T30-6.) 3S,36,36
4236.36 T30-1.
4240. GO TO 3?
4250-3S T30-CU.16ORCI39)
4260.37 T12-TgSTl@STI6
4270.43 IF(X) 13.14.13
4230-14 T13-1.
4290. 00 TO IS
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43.00-13 IF(ZN-1.) 113,114,113
416;-114 T13-EXPC(AS(X)/ZL))
43a9-: GO TO IS
4330-113 T13-EYXP(-(ABS(X)/'ZL)SSZN)
4340-IS 516V2-T22*TS$T12
41SO-C STANDEARD CROSSRANGE DEVIATION
4360- SIGY-SIGY222.5
4370-C TIME OF ARRIVAL OF FALLOUT AFTER BURST
4386- TAPR.C .25(T15xTl01Tle:TzT..SSIGX2)/T14 112.5
4390- SETA-ALOGCTARR/31.6)
44090. ZLD* -.287-. S2IBETA- . 447SSETAt8ETA
4410-C CONVERSION FACTOR TO CHANGE DH+1 HOUR DOSE RATE TO ABSORIED DOSE
44a0- RIO-EXP(ZLD)
4430-C G(X) IS THE EXPRESSION DEFINED BY SCHMVIDT ON PAGE 4
4440- GX.1S1SIS(T30*T13)'(ZL:9T20)
44S0-C THE FOLLOWING G(T) IS OBTAINED BY MlULTIPLYING G(X) BY IJIND
4460 GT.1.1S1515*(UINDl13)/(ZLT2@)
44760C THE FOLLOWING EXPRESSION IS 6(T) MU.LTIPLIED BY THE CUMULATIVE NORMiAL
4430-C FUNiCTION

44490- GTI-GTT38
4500- IF(UIND) 27,27.53
4510-53 TZ3-C2.tX)1'CUlND~t.1SI5IS)
4520- IF(T23-1S.) 29,28,27
4530-27 ALPH22.1.
4540- 60 TO 29
45S0-28 T24-CUMNOR(T23)
4560-C ALPH422 IS A CORRECTION FACTOR FOR CROSSRANGE GAUSSIAN DISTRIBUTION
4570- ALPN22-1./(l.*PALPHI(1.-T24))
4SE6-29 ALPH2-ALPH221ALP422
4598- IF(SIGYA2) 91,90,90
4606-C TO CALCULATE Y, GIVEN X AND A DOSE
4610-90 SIGYA2-SIGY29ALPH12
4620- GO TO 17
4636-91 DHXO-T30lT139T4*FFRAC/SIGV
4640- DBXO-DHocO*BIO
4650- DOSEL-ARS(SIGYA2)
4660- IF(DOSEL) 95,117,95
4670-9S IF(DHXO/DOSEL-1.) 94,94,9a
4680-94 DI4-0.
4698-11 GO TO 93
4700-7 DH_..
4710- D5-0.
4720- RETURN
4730-C THIS STEP CALCULATES YY' GIVEN AN INP'UT DOSE RATE AND XX
4740-92 DH-ALPH221SIGV:50RT(2.ALOG(DHXO/DOSELI )15289./6080.
4750-C THIS STEP CALCULATES VY GIVEN AN INP'UT DOSE AND XX
4760-93 D3.ALP12a*SIGV*SQRT(2. ABSALOG(DXO'DOSEL) ) )Z528./6S6.
4770- RETURN
4786-116 IF(SIGYAa) 91.16.16a
4790-C V DEPENDENT CALCULATIONS ZSZIIISSSZS~l
4800-16 XF(VV-OLDYJ 17.19,1?
4810-17 OLDY-V
4320- V-Y36080./5280.
48320-C CROSSRANV1E GAUSSIAN DISTRIBUTION FUNCTION
4340-lu T16-EXP-.5:VY'YCALPII23SIGYI))SIGV
49S$- Go TO 22
4860-19 IF (FFRAC-OLDFRAC) 20,22.20
4170-20 OLDFRAC-FFRAC
480-21 Dt-DDHtVFRAC
48M- DS-DD19FFPAC
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4900:2 RETURN
-.910- DDH-T3a*T16t7l3ST4
4920-. DVE.ODHtfle)r -030- GO TO 2)
4940: EIID
4'.0- FUNCTION GAIIMA(TM)
49,i0 C CuiflMA FUNCTION APPROXIMATED FROMi HASTINGS P.156
497Q.: .jN-.Tt-.7L;6S67.TM,((0.977aI818.f*(-e.a3627TMS
4950- 0.673 9 90#,M;(-0.32S793Tt07673206)))))
4?90. RETURN
5000. END
Eole- FUNCTION CUMNOR(TA)
5020-C CUMULATIVE NORMAL APPROXIMATED FROM HASTINGS P. 186
5030- TM-ArS(TA'I.414213562)
5040- ThiP-i ..TflC. 4122921#7P)$f.085S640274Tf ( .e27433404TMSC-.00039446,
seso. ITMS.00328975) )))
5060- TIIP.TMPIS
E-070- SUM-I .-I .,TMP
5020- IF(TA.LT.O.)G0 TO I
S090-C THIS STEP INTEGRATES THE NORMAL DISTRIBUTION FUNCTION FROM
5100-C INFINITY TO ZERO. THIS ALLOUS A MAXIMUM AT GROUND ZERO.
slie CUMNOR-..:(I.#SUM)

52- GO TO 2
5130-1 CUMNOR-.5*(I.-SUM)

*5140-2 RETURN
F5150- END
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SUBROUTINE DOSE

DEFINITION OF FORTRAN TERMS

Inputs:

YY = Crosswind distance in nautical miles

XX = Downwind distance in nautical miles

SHEARY = Crosswind component of shear in knots/kilo-
feet

WIND = Effective fallout wind in knots

FFRAC = Fission fraction

YIELD = Yield in megatons

" Conversion from nautical to statute miles:

6080 1.151515 and (1.151515)2 = 1.325975
5280

Terms:

YMT = £n(yield)
fR-mi

2

T3 = 2 x 106 . yield-*( hr " (SNC . yield)*

SIGO = ° 
= exp(.7 + Zn(yield) _ 325/(4 +

3

(.n(yield) + 5.4)2) (statute miles)

SIG02 = a 2  (statute miles) 2

Tl = £n(yield) + 2.42 (used in "H" calculation)

H = H = 44. + 6.1 kn(yield) -c

.205 (£n(yield) + 2.42)

1 -,n(yield) + 2.421 (kilofeet)

*Roentgens abbreviated by "R".
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SIGH = oh .18H (kilofeet)

SIGH2 a h 2 (kilofeet)

T2 = H/60 (dimensionless)

T=Tc  (1.0573203)(12(H/60) - 2.5 (H/60)2 )

(1 - .5 exp-(H/25) 2 ) (hours)

ZLO L = Wind (T) (1.151515) (statute miles)0

ZLO 2  =L 2 (statute miles ) 2

00

SIGX2 = 2 (statute miles ) 2

x

L + 80 2
0.2 20° 2 )

0 0

SIGX = F (statute miles)

ZL2 = L 2 = L 2 + 2a 2 (statute miles) 2

o x

ZL = L (statute miles)

T14 = L 2 + .5o 2 (statute miles)2o x

" LO+a 2= ( +x)
ZN = n . 2 (dimensionless)

O x

T20 = 1.

or

T20 = GAMMA(1. + 1/ZN) (dimentionless)

T4 2 x 10_6 (.ield) R-statute milesL r(l + 1) 2i hour

n

* -PALPH = .001(H) (Wind) (1.151515) (dimensionless)
0

77



1.
ALPH1 = a1 = 1 + .001(H)(Wind)(i.151515)

a

(dimensionless)

L
T5 - 0 (per statute mile)

(LacG x )
2o 2Ta2

T6 2 2 h (hr2 kilofeet 2 )

L 2

T15 L (dimensionless)

L 20 2 222
T7 = T2C h  (hr2 - kilofeet )2

2a 2T2a 2 (Sheary)2 (1.325975)
T8 - X h (statute miles)2

T9L 2T2h (Sheary)2 (1.325975)
L (dimensionless)

X = Downwind distance in statute miles = x

T10 = x + 2a (statute miles)

x
•Tll =1 + (81x + 2Ox1)/L

or (dimensionless)

Tll = 4.

T22 = 4 2
0

or (statute miles )2

T22 = (1 + 81x + 2Ox)/L)ao
2

* '- T30 Cumnor(l.)= c(l.)

or (dimensionless)
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L x Lx
T30 Cumnor 0 0La(-

T12 - (LoTahSheary(.151515))
2 (x + 2a) 2

(statute miles) 2

T13 1.

or

T13 exp - (ixL) (dimensionless)

or

( x)n
T13 exp - L

SIGY2 = a 2 = a2( + 81x + 2x1)
y o L +

2(ax TahSheary(l.151515)) 2 +

Lz

((x + 2a )L To Sheary(l.151515))
2

* x o h
S

(statute miles)
2

SIGY a = (SIGY2) (statute miles)

0
(I;- (x + 2ax )

2T2 + 2ax 2)
ta ='2+ L z + .5a z

o x

(hours)

t
BETA = £n( 3 a6 ) (dimensionless)

t t
ZLD = -.287 - a .04475(an( 2)

31. 047(n 3 1 )

(dimensionless)
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t t
BIO = exp-(.287 + .52an(-a .04475 an( a2)

.52n 31.6  3 045 n~ 1--.6

(hours)

T23 = (2x)Wind (1. 151515) (hours)

If T23 = 10 Alph22 = a 2 = 1 (dimensionless)

T24 = Cumnor( 2x (dimensionless)Wind(l.l5l5l5)~ dmnines

If T23 < 10:
' 1

Alph22 = 2 1 + (.001(H) (Wind) (1.151515) 2x

(dimensionless)

Alph2 = c2
2  (dimensionless)

SIGYA2 = a 2C12 2 (statute miles) 2

DHXO = Cumnor (L 0x) exp- (f)n
La1 ax

(2 x 106(yield)FFRAC) = f (R/hr)
Lr (1 + 1/n),27ro x

DBXO = DHXO x BIO (R/hr)

Lx x'
= Cumnor (0,-ax exp = n

(2 x 10 )yield(FFRAC)
LI a + /n) V270c . BIO

y

DH = H + 1 Dose Rate (R/hr)
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DB = Biological Dose (R)

Y = Crosswind distance in statute miles = y

T16 = exp- ( 2 ) = f (per statute miles)

DDH =Cumor L x exp- a2G liLaDCumnor ( L x) aexp-( L

(2 x 106)yield fx f
LT(I + ln)r2w fission fraction

DH+l (R/hr)

FFRAC

DDB = DDH x BIO (R)

DH = 0 (R/hr)

or

* L x z)2 x 106(yield)FFRAC exp-( L* Cumnor( 0)_

Lala )  a Lr(l + l/n) 2x y

or

YDH =

Cumnor(L L0 x-)exp- ( xi)n(2 x 10 )yield(FFRAC)

1.15115 (  X(Input H+I )(L)m(I + i/n)12Oyr a))

(nautical miles)

DB = 0 (ERDS or R)

or
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DB = DDB * FFRAC

or

YDB - 215151(2kn(DHXO BIO (nautical miles)
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Appendix C

Comparison of Terms Influencing Crossrange Dispersion

This appendix contains graphical comparisons of the

effects of shear and torroidal growth on ay2 . The torroidal

growth and shear effects are plotted versus time. The graphs

contained within this appendix are meant to supplement Sec-

tion III, Figures 6-8. As is the case for Figures 6-8, the

yield is 10 MT and the fission fraction = 1.0. The units

st.mi. will be abbreviated as mph on all graphs contained in
hr

this section.
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Appendix D

Derivation of Diffusivity from Fick's Law

Assume fallout cloud has one size particle with average

velocity V( hr mi. Consider a differential volume in spheri-

cal coordinates dVOL where:

N(r,t) =particle number density #*partiles)

and: Flux =F = N . V ( #particles -st.mi.)

hour

Initial condition:

N(r,O) = 0

3N(r,t) = Leakage -Absorption + Source -V J~e
atne

and: J ne -DV(F) =-DV(NV)

aNrt) VDV(NV) VDVF = V2F

In circular geometry:

3N(r,t) -D( 32N~r~t) +2 a N(rft))
at Fr7 r ar

D_ N(rjt) + 2 N(r,t)

To solve, use Laplace Transforms. Let:
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774

then: B{N(r~t)V 1  sN(r,s) - i (r,o)at

From the initial condition N(r,G) = 0 when:

t= 0

s= 0

and let: D D . V

Therefore: 2D N v

where ____s

dr

or i"+ N' - 0
r DV

s assumed constant and the solution-

i(r, s) e C1  + Dr e+ v
r r

C2 is assumed 0 for stability. To convert back to time,

form 82 (Ref. 12: 497) is used on the following expression:

(r,s) e r v

where r

Resulting in: N(r,t) =1 e-D (4D-t)
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If forced to resemble Gaussian distribution of the form

1 -_r r) 2
e a

where r and a have dimensions of length. Then:

C = 2/n
v

and 02 = 2D t (area)

v

If some initial radius present at t = 0, then:

af2 =0 i2 + 2D t (area)
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Appendix E

Computer Program User's Guide

The purpose of this Appendix is to describe, from a user's

point of view, the Fortran computer code employing the WSEG

analytical expressions to generate iso-dose rate contours.

Specifically, this discussion will concentrate on the Fortran

code generated during this thesis to reproduce the sample re-

* suits contained in Appendix A.

The discussion is divided between the main program and

the subroutine Dose. The complete code is contained in Appen-

dix B along with a definition of terms for the subroutine.

Sample output for several options is also included. Much of

what is Said here has been incorporated within the AFIT/WSEG

program iii Appendix B as comments to aid the user should this

thesis be unavailable for reference.

Subroutine Dose

The subroutine Dose (hereafter referred to as "Dose")

contains in compact form the coded WSEG expressions discussed

within this thesis. It is nearly identical to the original

subroutine contained in Appendix A and obtained from Mr. Ralph

Mason. Minor modifications to several expressions were neces-

sary to make the code compatible with the ASD CYBER 74 computer

system to correct obvious typographical mistakes. User instruc-

tions are contained within Dose as comments.

In general, Dose can perform two functions depending on

the input parameters. First, Dose can compute a D H+l or
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Biological Dose based upon the inputs of effective wind, shear,

fission fraction, yield, crossrange coordinate, and downrange

coordinate. This assumes a ground zero at "0" crossrange and

"0" downrange.

The input parameters are:

YY = Crossrange coordinate in nautical miles.

XX = Downwind (+x) or upwind (-x) coordinate in

nautical miles.

SHEARY = Average shear in knots/kilofeet.

WIND = Effective wind in knots.

SIGYA2 = Any real number greater than 0. Not used

when calculating D H+ or Biological Dose.

The call to the subroutine is a standard Fortran call to a

subroutine:

Call Dose (DB,DH,SIGYA2,YY,XX,SHEARY,WIND,FFRAC,YIELD)

The output parameters are:

DB = Biological Dose in ERDS

DH = DH+l in Roentgens/hr

The second function Dose can perform is to generate a

crossrange coordinate based upon a downrange coordinate and

a given Biological Dose or D H+ . Dose solves for the cross-

range coordinate by solving the following expression for Y:
2

exp-h( 2 )2

-Input D = Y (33)
H+1  x y
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exp- 2

or -Input Biological Dose = f Bio . 2 (34)
y

where fx is defined by Equation (22). Since the fallout pat-

tern is nearly elliptical, the crossrange coordinate is either

(+) or (-) yielding the same result. In either case, the in-

put parameters are:

YY = Any real number. Not used in this option.

XX = Downwind (+x) or upwind (-x) coordinate in

nautical miles.

SHEARY = Average shear in knots/kilofeet.

WIND = Effective wind in knots.

SIGYA2 = -Biological Dose or -DH+ 1

The call for the subroutine is also a standard Fortran sub-

routine call:

Call Dose (YDB,YDH,SIGYA2,YY,XX,SHEARY,WIND,FFRAC,YIELD)

0

The output parameters are:

YDB = Crossrange distance in nautical miles corres-

ponding to an input Biological Dose.

YDH = Crossrange distance in nautical miles corres-

ponding to an input DH+ 1

Originally Dose did not compute specific functions known

as g(x), g(t), or o.g(x) but these expressions are used impli-

citly. This program was modified for this tht is to compute
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g(t), g(x), 4.g(t), and cumulative O.g(x) and makes them avail-

able as output via common statements where G(X) = g(x), G(T)

= g(t) and CUMGX = cumulative O.g(x).

Main Program

The main program (WSEG) contains two separate sections.

The first section describes the purpose of the program, the

necessary inputs and the expected outputs. The second sec-

tion contains three iterative loops, with appropriate read

and write statements, to do the actual computation.

4This program has been designed to produce output such as

shown in Appendix A and to provide g(t), g(x), O.g(t), or

cumulative .g(x). In general, this output is an attempt to

characterize the fallout pattern by describing several iso-

dose rate contours in terms of upwind length, downwind length,

maximum width, and downwind distance to maximum width. Also

included is the maximum DH+l at ground zero. The required

inputs in order are:

FFRAC = Real number specifying fission fraction

for burst.

IYIELD = Integer parameter specifying the number

of yields to be evaluated.

ISHEAR = Integer specifying the number of shear

conditions.

IWIND = Integer specifying the number of wind

conditions.
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IGT = Integer specifying output including G(T)

and time. If desired enter "1", if not

enter "0".

IGX Integer requesting output of G(X) and

downwind distance. If desiremd enter "1",

if not enter "0".

ICUMGX = Integer requesting cumulative G(X) for

each input dose rate condition. If de-

sired enter "1", if not enter "0".

XLEN = Real number specifying the downwind and

*upwind marching interval. The units are

nautical miles.

INT = Integer specifying which iteration the

write statements for G(X) and G(T) act

upon. I.E., if INT = 10 then every tenth

value of G(X)/G(T) and distance/time will

be printed.

YIELD = Real number specifying the yield of the

weapon in megatons.

WIND = Real number specifying the effective wind

in knots.

SHEARY = Real number specifying the crosswind shear

component in knots/kilofeet.

DHI = Real number specifying the D H+ the com-

puter will use as it generates the output

parameters.
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The entire program including the subroutine Dose is in

the form of a computer card deck. The above input parameters

are read into the computer via standard unformatted read state-

ments. Adhering to common Fortran procedure, the input para-

meters are coded onto data cards located immediately behind

the second multipunch card (also called an End of Record Card)

in the computer deck which separates the source program from

the data. The information on each card begins in column one

as either a real or integer number. Should multiple inputs

be placei on one card, commas separate the individual para-

*meters. The following list of data cards indicate the organ-

ization of the input data to produce results such as shown in

Appendix B for a one yield, wind and shear condition:

Card 1: FFRAC

Card 2: IYIELD,ISHEAR,IWIND,IGT,IGX,ICUMGX

Card 3: XLEN,INT

Card 4: YIELD

Card 5: SHEARY

Card 6: WIND

Cards
7-15: DHI*

Additional data cards will be necessary if IYIELD,ISHEAR, or

IWIND is greater than one.

The output of the program will repeat many input para-

meters along with the specified output. The output is:

*Note that this program is designed to produce output such as
shown in Appendix B for eight dose rate contours.
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INITIAL
CONDITIONS = yield, effective wind, shear, fission

fraction and step size.

G(X) = Fractional deposition rate of fallout per

linear mile. The units are per nautical

mile. Also included is corresponding

distance from ground zero.

G(T) Fractional deposition rate of fallout per

unit time. The units are per hour. Ac-

companying G(T) is its time coordinate

4in hours.

DWDMAX = Distance in nautical miles from ground

zero downwind to the dose rate specified

by DHI.

UPMAX = Greatest upwind dose rate specified by

DHI from ground zero. The units are

nautical miles. Note this value may be

(-) or (+) depending on the magnitudes

of the effective wind and yield.

DBMAX = Maximum DH+1 on the hotline contained

within the total fallout pattern specified

by the minimum DHI. The units are

Roentgens/hour.

RMAXD = Distance from ground zero in nautical

miles to DBMAX.

DGZ = The DH+1 (Roentgens/hour) at ground zero.

YYMAX = Maximum crossrange width in nautical miles

of iso-dose rate contour specified by DHI.
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R2MAXW = Downwind or upwind distance to YYMAX.

Units are nautical miles.

CUMGX = Cumulative G(X) bounded by the upwind

and downwind range data specified by DHI.

CUMGX calculated by trapezoidal integra-

tion and is dimensionless.

The second section of the main program contains three

DO-Loops which compute via subroutine Dose those parameters

listed in the output. The first DO-Loop begins at ground zero

and marches downwind along the hotline calling Dose at each

location via the call statement on page (97). The parameters

DWDMAX, G(X), or G(T), RMAXD, DGZ, and CUMGX are computed for

each location. The parameter DV DMAX is compared with the value

determined from the previous iteration. The maximum DWDMAX

and corresponding RMAXD are stored for further comparison and/

or output. The second DO-Loop repeats the above process in

the upwind direction. Cumulative O.g(x) is computed by trape-

zoidal integration over the pattern. The third DO-Loop marches

downwind along the hotline from ground zero computing DBMAX and

R2MAXW using the subroutine call mentioned on page (98). The

parameter DBMAX and corresponding R2MAXD are compared between

iterations. Maximum DBMAX and R2MAXD is stored for further

comparison and/or output. In all cases, the length of the

iteration varies according to input step size and DH+ 1 contour

defining the limits of the pattern.
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As a final note, it is also necessary to preface the

WSEG source program with several control cards in order for

the computer to compile and execute the program properly.

Like the data cards discussed earlier, the information is coded

beginning in column one of each card. The following control

cards represent the minimum required to successfully run the

program.

The first control card is the Job card containing a three

letter identifier, system preference, computer memory require-

ment, computer access number, and for AFIT students, last

name and box number. The second control card executes the

Fortran compiler. The third control card executes the binary

program generated by the Fortran compiler. The final control

card is a multipunched End of Record card which separates the

control cards from the source deck. The following is an ex-

ample of the control cards including proper format:

Card 1: XXX,STANY,CM60000.TIllllI,DOE,0000

Card 2: FTN.

Card 3: LGO.

Card 4: (7/8/9)
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